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My name is Richie Enzmann. Allow me to welcome
you all to the latest issue of Ocean Robotics Planet!

WELCOME TO OCEAN
ROBOTICS PLANET!

Dear Reader,

Scarce metals and minerals that we may desperately need

in the future lie at the bottom of the ocean. Therefore, many
countries are looking into the possibilities of deep-sea mining:

harvesting these raw materials at depths of many kilometres.
At the end of last year deep-sea mining has reached an impor-
tant milestone with The Metals Company (TMC) lifting 3,000

tonnes of polymetallic nodules from the seafloor of the Clarion

Clipperton Zone of the Pacific Ocean. Thisis animportant step

towards the creation of a new industry: one that could secure

the supply of critical minerals required for batteries and the

energy transition, despite the geopolitical challenges that we

currently face. You can read more about it inside.

The front cover of this issue shows the DriX USV from Exail.
With over 15,000 hours in operations around the world over
the past three years, the DriX USV, along with its efficient

launch and recovery system, is a seasoned asset in the envi-
ronment of supervised autonomy. We interviewed Dominique

Giannoni, CEO of Exail to find out more about the recent merger
of iXblue and ECA Group, and the creation of Exail. They're

already shaping up to be aleading innovative high-tech indus-
trial company focusing on maritime, navigation, aerospace, and

photonics technologies. We are very excited to see Exail inte-
grating the two previous companies’ products and developing

new innovative solutions.

You can also read about the Satellite AIS (S-AIS) and how it
has the potential to transform the operations of unmanned
systems in the future. People are already using the geolocation
andidentity of all legal ships provided by S-AlIS to run models to
exploit the sensors found on a broad range of robotic vehicles,
including aerial and seaborne vehicles.

Last year we reported on Task Force 59 and how it fits into the
wider strategy of the U.S. Navy. Following on from that, we
look at the lessons learnt and key take aways from their most
recent Digital Horizon naval exercise in Bahrain. Some other
defencerelated topicsinclude a preview of the UDT conference
in Rostock this year, and coverage of the U.S. Naval Ice Center
and the U.S. Naval Observatory. These organisations are not
widely known but still highly important in safeguarding our
nations in order to keep both us and our values safe.

| hope you enjoy this issue and | look forward to meeting you
at the eventsin 2023!

Bestregards,
Richie Enzmann


http://www.oceanroboticsplanet.com
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TO BECOME EXAIL

We spoke with Dominique Giannoni, CEO of Exail to find out more about the recent merger of iXblue and ECA Group,
and the creation of Exail, a leading innovative high-tech industrial company operating in the fields of maritime,
navigation, aerospace, and photonics technologies.

DriXUSV and A18-D AUV (Courtesy of Exail)

OCEAN RoBoTICS Planet | 7 .



IXBLUE AND ECA ROBOTICS MERGE TO BECOME EXAIL

DriXUSV conductingan MBES survey (Courtesy of Exail)

RICHIE ENZMANN: Hi Dominique, it's nice to have you here.
Please tell us about the recent merger between iXblue and
ECA Group. How is the formation of Exail working out for the
new company? What are their recent experiences?

DOMINIQUE GIANNONI: The merger was announced a year
ago and came into full effect at the end of September 2022,
with our new brand revealed during Euronaval. Now we are
afew months in from us getting together, and | must confess
this merger is working out great for us.

First, what matters is our customers and how they perceive
this new company in the different areasin which we operate. We
have four domains which stem from the previous two compa-
nies: iXblue and ECA Group. These domains are photonics, navi-
gation, maritime systems, and aerospace & land solutions. What
the customers are telling us in all domains is that they are very
happy that we got together, because we are now 1,500 people
strong, and we have a complementary offer.

For example, in the maritime domain we are more vertically
integrated than before; we have navigation, subsea posi-
tioning, and sonar systems, as well as AUV and USV, in addi-
tion to asystem layer. So, we are able to bring our customers
an Exail designed and managed solution, be it a stand-alone
system or a fully integrated end-to-end system. This is
something that they appreciate. With this kind of approach,
you can better integrate the solutions, and you can add value
at the interface. This is something which is more difficult
when you actually build on top of supplied sub systems.

. 8 | oceaN RoBoOTICS Planet

Ramses LBL system (Courtesy of Exail)

RE: So you've had validation from the customers telling you
that this is a good idea. Personally, when | heard about the
merger, it made sense to me as | could see the complimentary
sides of the two businesses and how they could fit together.
How do you see the future for the new Exail brand? Is it a bit
of iXblue and a bit of ECA Group?

DG: We are trying to take the best of the two cultures by
creating a brand new ‘Exail’ culture, and we want to make
sure that we remain agile. When you double the size of the
company overnight, one of the pitfalls that may occuris that
the culture becomes more bureaucratic. We want to remain
nimble by having empowerment at all levels of the organisa-
tion to make sure that we answer our customers’ demands.

If we look at our current world, we must manage challenges
of sovereignty, war, global warming, and environmental
issues. Society is asking for solutions to these big challenges.
At Exail, we have a strong belief that with disruptive tech-
nology we can help to solve these problems whether they
are on the defence, social, or environmental side.

These disruptive problems require disruptive technologies.
Take the environmental issues, for example; we are very activein
helping to set up offshore wind farms. Our solutions for subsea
positioning, ROVs, AUVs, and USVs help to efficiently map the
locations of new wind farms. Also, with the DriX USV we have
demonstrated thatalot of fuel can be saved by replacing large
boats that go to seafor many days for seafloor mapping. At the
same time the quality of the data is improved as the platform



Gaps M7 USBL system (Courtesy of Exail)

is much quieter, while operations are performed with more
efficiency with less downtime than using traditional vessels.

RE: Can you please give us some examples where you were
able to take the product portfolios of the two companies and
offered a holistic integrated solution?

DG: Recently, we did a demonstration on how the DriX USV
from former iXblue can control, monitor, and position the
A18D AUV from former ECA Group, and this is one of the many
examples where the combination of the two companies bring
value to our customers.

This is also a link to our capabilities in inertial navigation
systems, and subsea positioning. We have a large demand
onboth the civilian and defence sides regarding autonomous
systems. We've mastered most of the key elements, systems,
and subsystems of these autonomous solutions.

Another example would be that we sold our R7 ROV - which
is an inspection and exploration ROV rated for 300m - in
conjunction with a Gaps positioning system. For the customer
this was a one stop shop. The customers are responding great,
we have great support from the team members, and this is
crucial for success. The key thing is that we are completely
complementary and without any overlaps.

RE: When you merge two companies some previous clients
might unexpectedly become competitors overnight. How
are you going to manage this at Exail?

R7ROV (Courtesy of Exail)

DG: We will continue to sell and to work with people that

could have been competitors of one of two companies before,
because our drive is towards product policy. We believe

that the products must face the markets in order to remain

competitive. This means that we will continue to sell inertial

navigation solutions to other AUV manufacturers that were

competitors of ECA Group, because this is our product policy.
We will make sure that there is no communication from one

part of the company to the other on proprietary informa-
tion. We are really committed to this and believe that we can

handle it by having a barrier between the departments and

having a firm product policy. The product is used internally

butis also sold to competitors, and itis the best way to have

the highest quality product. If you only sell in-house, then

you are going to lag behind.

RE: Let's talk a bit about defence and mine countermeasures.
When thinking of ECA Group, a novel MCM solution comes
to mind where you have the whole package to detect, clas-
sify, and then neutralise mines. What does your new defence
portfolio look like?

DG: In defence we are one of the world leaders in what we
call third generation MCM solutions. We are one of the few
companies around the globe that are able to go - exactly as
you described- from detection, to identification, classifica-
tion, and then neutralisation. This is basically a stand-off
concept where AUVs go into the minefield to clean it Whils, .

-«
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IXBLUE AND ECA ROBOTICS MERGE TO BECOME EXAIL

K-STER mine disposal vehicle (Courtesy of Exail)

A18-M AUV (Courtesy of Exail)

keeping people away from danger. You don't need to put
people in boats in the suspected zone. It's totally uncrewed
but fully supervised, meaning that you always know what
the system is doing. Within this system, we leverage our
inertial navigation solutions to increase the accuracy of the
positioning of the AUV and USV, and also provide forward-
looking sonar for USV and mothership to keep them away
from danger.

RE: Are there any new developments on the horizon? What
should we look out for?

DG: We are working on all of these domains that we previ-
ously mentioned. We also have a very similar DNA: investing
in technology, in people, and work outside of our home
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Seascan MIDS system (Courtesy of Exail)

country: France. These things create bonds. We will have
some exciting new solutions coming out this year that we
are eager to share with the industry. We want to remain on
the forefront of innovation, so we are constantly developing
our products, and you can expect some new products and
innovation from usin 2023.

Coming together as Exail will be an accelerator for ourinno-
vation, and we will continue to significantly investin R&D. We
truly believe that R&D is the differentiator; with both compa-
nies we have been successful before, and we are continuing
these investments. What unites us as Exail is our drive for
technology and innovation in different domains: bringing
differentiating value to our customers, whether they are
military navies, oil and gas or renewables companies, logistics
customers, or manufacturers of quantum computers.
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ABERDEEN BASED

HYDRO GROUP
CELEBRATES 40 YEARS

CREATING UNIQUE CONNECTIVITY SOLUTIONS
FORSUBSEA APPLICATIONS.

Hydro Group was founded in 1982 with a small team of experienced engineers. Its role was to create bespoke cable
and connector assemblies, initially to service the oil and gas sector. Their long-term mission was to create a tailored
engineering company that could provide targeted solutions for defence applications.




1

Within two years, the company achieved I1SO accredita-
tion and began supplying harsh environment systems
to the naval defence sector. They are extremely proud of
this heritage: outboard cable assemblies and pressure hull
penetrators installed on Trafalgar, Vanguard, and Astute
class submarines, and now supporting the latest nuclear
submarine programme. They were delighted to be part of the
CASD 50 celebrations, marking fifty years of the Royal Navy
Continuous At Sea Deterrent.

In 2010, the company invested in a new purpose-built facility.

At a cost of over £4 million, the 2.2 acre site in the Aberdeen
Science and Energy Park includes 60,000sq ft of cable

Subseaumbilical (Courtesy of Hydro Group)
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HYDRO GROUP CELEBRATES 40 YEARS CREATING UNIQUE CONNECTIVITY SOLUTIONS

manufacturing facilities, workshops, and offices. In 2015, an
extension was added to support the company's continued
expansion.

The company also identified the need to manufacture
longer, heavier, and more complex cables to increase
capacity and improve turnaround times. Working with
industry specialists to define a fully automated line
allowed the expansion of their product portfolio of
bespoke subsea cables for harsh environments. Together
with specially manufactured Caterpillar units and the
automated control system, this represented a major
upgrade for the facility.




Pressureliatediopticallconnector(@untesylofiiydroGroup))

The new facility marked an emerging era of growth for the
company that allowed fresh product development for the
renewable energy and marine science sectors, whilst facili-
tating growth in the defence arena.

This focus on product development and keeping ahead of
market trends, saw the launch of the 36kV (66kV in develop-
ment) dry mate connector and power distribution hub for the

floating wind, tidal, and wave energy sectors. This connector
allows subsea connectivity with a device cable and an export

cablein series.

They also developed a fibre optic penetrator rated to
650-msw for manned systems. The design of their fibre
optic manned penetrator allows for signals to be trans-
mitted more securely, and with increased speed and
bandwidth. This improvement in data transfer between
the topside vessel and divers within the bell or manned
submersibleis a real step forward. Designed, manufactured,
and qualified by Hydro Group, their range of fibre optic
penetrators eliminates the need for cable screening, as fibre
optics are not subject to the signal interference which can
plague traditional penetrator designs.

Furthermore, the company increased their range of Special
Deck Mate connector configurations to support a wider
range of defence applications. These now include acoustic
and magnetic ranges, submarine rescue vessels, towed cable
systems, and MCM systems.

In 2018, the company was awarded the prestigious Queens
Award for Enterprise: International Trade, acknowledging
their substantial international development. Hydro Group
now has a global network of business partners operating
in over 20 countries worldwide with export revenue now
accounting for approximately 35% of its turnover.

A key part of the company's success is its staff, with more
than ten percent of the overall workforce having been with
them for longer than 25 years. In fact, the average dura-
tion of employmentis around 10 years, which demonstrates
retainability and a good place to work. They also operate a
successful apprenticeship scheme and graduate traineeship

(CountesyiofivdialGionp)

and have found growing their own talent within this niche
market space to beincredibly effective in developing a high-
quality team.

Hydro Group's self-reliance within the manufacturing
process and their focus on stocking key materials for the
build. From raw materials to testing, the whole lifecycle of
the project is in-house. Even the critical materials are on
stock to support production. Hydro Group facility houses a
machine shop, cable moulding tooling, testing in-house, and
custom live testing.

The unique selling point of the company is the tailored
systems they provide ensuring full system compatibility
in all cases. The building of a holistic design solution based
on the customers specification - whilst keeping in mind the
environmental conditions and matching the requirements
for the whole system - ensures a high degree of reliability
for the end product.

Hydro Group would like to take this opportunity to thankall
staff, customers, suppliers, and associates for their invaluable
supportoverthelast 40 years, and look forward to continued
success long into the future.

[Bespekeanianldingl(@alinfesyafiivdioGrann)
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FORRELIABLE
AND RENEWABLE

SUBSEA POWER

By Paul Slorach, Chief Technology Officer, Verlume

Wide-ranging solutions will be required to achieve decarbonisation targets across the Blue Economy, including
the electrification of subsea assets. A collaborative project has been developed by partners within the UKCS,
which will demonstrate the robustness of combined renewable energy and seabed battery energy storage for
powering production and control applications offshore. This presents a potential solution to enable more rapid

decarbonisation.

The Renewables for Subsea Power (RSP) project brings
together Verlume's Halo seabed battery energy storage
system and Mocean Energy's Blue X prototype wave energy
converter. Partners Baker Hughes and Transmark Subsea are
also providing the connected outputs of a Semstar subsea
electronics module and an ARV-I AUV respectively.

Akey focus of the project will be demonstrating the use case
of the system for providing power to AUV docks for subsea

inspection applications. Verlume's seabed battery energy
storage unit could also supply power to AUV applications
with a standalone battery pack. This could be in the subsea
market (as in the RSP example), as well as in offshore wind
inspection applications.

In addition to powering subsea electronics modules and
vehicle residency applications, the RSP system could also
re-enable failed assets with electrical umbilical failures,
enable in-fill or stranded asset wells, long offsets, or the
adoption of all-electric subsea systems for carbon capture
utilisation and storage.

Providing a full renewables remote power and communica-
tions system for subsea power, the £2 million demonstrator
projectis backed by industry. This includes operators such as
Harbour Energy and Serica Energy, alongside the Net Zero
Technology Centre.

The European Marine Energy Centre (EMEC) has supplied
instrumentation to measure the speed and direction of
currents during deployment, whilst Wave Energy Scotland
has provided £160,000 to support the integration of the

umbilical into the wave energy converter. 2

-
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Courtesyof Verlume

COMBINING TECHNOLOGY ELEMENTS
Verlumeis providing the Halo battery energy storage system,
a technology which provides a reliable, uninterrupted power
supply at point of use. The Halo thatis being utilised as part of
the project has been developed specifically for the underwater
environment. It's the second variant that has been built for
commercial wave power integration, and the first to be built
at Verlume's 20,000 square foot facility in Dyce, Aberdeen.

Halo's lithium-ion based battery architecture is scalable up to

MWh and is fully integrated with Verlume's proprietary intel-
ligent energy management system, Axonn. This enables contin-
uous power delivery and longer duration operations for subsea

architecture. Axonn is built using a modular suite of firmware,
software, and hardware building blocks. It can therefore be

configured to add intelligence to any power system across the

energy sector. The modular nature of the system means that it
is scalable to different applications and payloads. Itis also both

ACand DC output capable with an adaptable voltage.

The RSP project is powered through a wave energy device,
but as the Halo system has been designed to be power input
agnostic, it can accept power from any renewable energy
source.

Mocean Energy’s Blue X prototype is 20m long and weighs
38-tonnes, providing a 10kW rated wave supply. In 2021, Blue
Xunderwent a programme of rigorous at-sea testing at the
European Marine Energy Centre's Scapa Flow test site in
Orkney. Here Mocean first generated power and gathered
significant data on machine performance and operation.

. 18 | oceaN RoBOTICS Planet

THE MISSING PUZZLE PIECE FOR RELIABLE AND RENEWABLE SUBSEA POWER

Within the RSP project, Transmark Subsea is providing its
ARV-I AUV which enables small, underwater drones to be
operated from remote locations. This allows 24/7 access
to the ocean with high definition 4k video footage during
remote operations. It also eliminates the need for traditional
large surface support vessels.

As part of the RSP system, there is built-in wireless communica-
tions via a cellular network back to the beach and wireless commes.

It is understood to be the first such project to integrate
existing subsea production control system technology to
seabed energy storage and renewable energy production
using remote control from shore.

A THREE-PHASE APPROACH

The test programme of Renewables for Subsea Power
commenced in 2020, adopting a phased approach. Phase
One was a detailed front end engineering design study. Phase
Two was an onshore test programme, which was conducted
to de-risk the offshore phase. Functionality and communi-
cation checks were completed in a controlled environment
within Verlume's operations facility. The onshore testing was
highly successful, leading to Phase Three: an offshore test.

The offshore test programme is now underway in the UK
North Sea off the coast of Orkney. At a water depth of
approximately 50m, the testing has kicked off a four-month-
plus programme. This will showcase the capability and the
viability of the system in a harsh marine environment over
the winter months in a range of wave conditions.



Courtesy of Verlume

There are three key test objectives which are required to
satisfactorily complete the testing programme, these are
as follows:

| Demonstrate functionality of the RSP power system
for power provision in a representative operating
environment;

| Demonstrate reliable and robust communications;

| Demonstrate reliability of the RSP power system under
environmental conditions over an extended duration.

S

5

s

By the end of the project, itis the intention to demonstrate the
first full scale prototype system to TRL 6 (American Petroleum
Institute, 2017). Successful completion of the programme
and sharing of project results will contribute to the indus-
try's understanding of the suitability of genericautonomous
offshore power systems for production control applications.

To further bolster the collaboration that has already taken
place between the project partners, in September of last year
a tri-party memorandum of understanding (MoU) was signed
between Verlume, Mocean Energy, and Baker Hughes. The
MoU will look to identify and discuss further potential oppor-
tunities for collaboration on integrated wave energy and
subsea energy storage solutions for the emerging subsea
clean energy market.

Achieving decarbonisation targets
will be made possible with the
missing puzzle piece: the combi-
nation of both renewable power
and energy storage to create a
reliable source of power for
the decarbonisation of
offshore applications at
scale for years to come.

Courtesy of Verlume
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When your mission must succeed the first time...and failure is not an option.
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Richie Enzmann, Ocean Robotics Planet

Last December saw the conclusion of Digital Horizon:
athree-week event that included 17 industry partners
and brought 15 advanced unmanned data integration
and Al systems to Bahrain. Ten of these systems were
inthe region for the first time.

One of the unique aspects of this event was that the U.S.
Navy's Task Force 59 were able to exercise and role-play

scenarios based on those that they regularly see in the waters

of this region. Task Force 59 pushed the limits of their systems

in order to observe their true capabilities. It was a highly valu-
able experience, not only for their operators but also for
their industry partners. Speaking with Commander Timothy
Hawkins we gleaned five key take aways from this exercise.




TF59 DIGITAL HORIZON NAVAL EXERCISE

‘AMarine Advanced RoboticsWAM-Vunmanned surface vessel operatesalongside thepatrol coastal shipUSS Monsoon/(PC 4)in the Arabian/Gulf, Nov. 29, during Digital Horizon 2022. The three-week
unmannedandartificialintelligenceintegration eventinvolvesemployingnewplatformsintheregionforthefirsttime: (U.:S.Army photobySgt. Brandon Murphy)

MESH NETWORK CAPABILITIES

First, the U.S Navy were able to advance their mesh network
capabilities. If you're not familiar with the mesh network, it's
simply a system for exchanging data and informationin a
communication denied environment. If you look at the trends
and the operational environment, that's a critical capability
in any potential future conflict.

Leading up to Digital Horizon, Task Force 59 spent months
developing a rudimentary mesh network during a series

of bilateral exercises with Saudi Arabia, Jordan, Israel, and
NATO off the coast of Portugal. They iterated the capability
over a weekly basis. This speaks to the accelerated pace of
discovery and innovation that was the goal from the outset
when Task Force 59 was established backin 2021. So, during
Digital Horizon, Task Force 59 literally and figuratively took
the mesh network capability to the next level.

Commander Hawkins explained this in more detail: “We
successfully launched an unmanned aerial vehicle from a

Powered by the sun, the unmanned surface vessel can sail for months at
a time collecting ocean environmental data using a suite of sensors. It
transmits this information in real-time through secure communications
and can be controlled through a user portal. The vessel is designed to
endure all sea states and is self-righting.

A versatile unmanned surface vessel able to conduet both remote-

lled and supervised within visual range
or over-the-horizon. DriX is fitted with an advamed cdllmn avmdame
systgmandhlslw:deranyo{ ding hydrography
military b ¥, rapid 1 ti-sub
warfare and djsnsler relief.

A high-speed unmanned surface vessel that can be launched and
recovered by other ships. It is designed to operate beyond line of sight for
dl and patrol missi

A high-endurance, solar and hydro powered intelligence,
surveillance and reconnai e (ISR) d surface vessel

propelled by wind and capable of remaining on station for up to 12
months. Its sensor pack include meteorological instruments, bottom

Saildrone
Explorer scanning sonar, AIS dem:lion and a 360-1SR camela

Facilitates mine hunting operations, including detection, classification,
location, identification and neutralization of bottom, moored and
drifting sea mines. With switchable, modular mission payload suites,
Seagull can also perform other maritime security and surveillance
missions.

Designed for p with solar dectric propulsion. X3s

can carrypuyloads fonnwlllgenu, mrvenlmce and reconnaissance;
warfare ipping: and ocean science.

based user interface with

The d surface vessel has a b
over-the-horizon communications.

A versatile, persistent unmanned surface vessel used for real-time
ocean observation; data collection; and intelligence, surveillance, and

issions. Built to operate in all marine environments, it
has a self-righting hull and electric motor powered by solar energy with a
large battery and payload capacity.

An unmanned surface vessel designed for sailing at speeds around 100

knots and executing high- q:eedwnsufuptoéGaTheTlSmbemd
asanmldhgnce,aw illance and rec e platform, or for staging
and depls d vehicl loads. MARTAC's smaller
p]atfcrm the Mamm T-12, can launch from the T-38.

A hybrid surface and undersea system capable of operating up to
three months surfaced or eight days submerged. The system and payload
batteries are recharged bysolarpmdx that areoulﬁm:don the sail. The

phtformiscapahteo:‘ recovering, recharging, and
ploying REMUS d und vehicl
A high-perf class of fi that uses
hnology for 1 seag upabﬂltles.WAM Vs

capa’arLIIrles include remote ubservmion, systems delivery, hydrography,
oceanography, marine salvage, dredging, habitat study, infrastructure
inspection and disaster response.

A small tactical unmanned aerial system with vertical takeoff and
landing capabilities. It can be used day or night for a diverse range of
intelligence, surveillance and reconnaissance ashore and at sea. Performs
search missions with a daylight or infrared camera. Video imagery can
be viewed in real-time.

Designed explicitly for y- and equip independent launch
udmwymaum V-BAT supports a wide range of
geable and izable payloads and sensors.

SAMS-T is a tethered unmanned aerial vehicle that offers persistent
autonomous flight and advanced data security. It can support continuous
flight even in extreme weather conditions, and offers precise hovering over
the ground station even in GPS-denied environments.

Industry partners Accenture Federal Services and Big Bear Al are
employing data integration and artificial intelligence systems during
the event, and Silvus Techonologies lsprmﬁdmg line-of-sight radio
ications while an d surface vessel from Ocius
part;c.lpatesfmmoﬂ'ﬂlemﬂslof\'\hﬁn&uﬂrﬂha

Other Systems
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coastguard cutter. We released video of an Aerovel Flexrotor: /
a tactical unmanned vehicle with a vertical take-off and '
landing capability. The value of it is that it can house cameras
and provide full motion video which we can relay in real time
to an operation centre ashore.

“But one unique feature that came to fruition during Digital
Horizon was the provision of an over the horizon capability for
the mesh network. Before Digital Horizon this mesh network
and our ability to transfer information over it was basi-
cally a line-of-sight radio communication. By launching this
unmanned aerial vehicle with the Aerovel Flexrotor from this
location, it demonstrated this over the horizon functionality.”

This was asignificant breakthroughin further developing aresil-
ient communications network for unmanned systems to relay
imagery video and data to monitor events at sea and ashore.

UNMANNED Al AND DATA TECHNOLOGIES

The second discovery was the U.S. Navy's ability to observe
the best new unmanned artificial intelligence and data inte-
gration technologies; what you might call the ‘best in class’.
The platforms brought out were diverse in both their design
and functionality. Of course, all this technology is commer-
cially available, they were able to look at their applications in
common situations found in the area, as well as how to inte-

grate them intO Operations to enhance What can be ObserVEd Nov.29;during Digital Horizon2022-Fhe three-week unmanned and arti

integrationevent involves employingnewplatformsin the region for the first time. (U:S:
from a” angles' Army photo by Sgt. Brandon Miirphy)

There were Unmanned Surface Vessels (USVs) with high-
speed capabilities, some with high endurance. The exercise
also saw different types of unmanned vehicles, like a tether
aerial drone, and the vertical take-off and landing vehicle
mentioned previously.

Commander Hawkins explained, "It was fascinating to see
how industry partners responded to different design chal-
lenges from unmanned systems in different ways. Some
of them converted traditional boats, and some of them
designed their vessels from scratch. But overall, the systems
were anincredible testament to the rapid growth in the field.

AnOceanAero Tritonunmanned surface vessel operates alongside U.S.Coast Guard fastresponse

It'salso a strong indicator that we are indeed on the cusp of cutter USCGCEmlen Tunnell (WPC 1145)in the Arabian Gulf, Nov. 29, during Digital Horizon 2022.
. . . Thethree-weekunmannedand artificialintelligence integration eventinvolves employing new
an unmanned techn0|oglca| reVOlUt|0n; one that Adm|ra| platformsin the region for the first time. (U.S. Army photo by Sgt. Brandon Murphy)

Cooper has discussed previously.”

COMMANDING MULTIPLE SYSTEMS

The third major take away from Digital Horizon was progress
in what's referred to as the ‘single pane of glass’ This is a
phrase thatis used to describe how an operator can command
and control multiple systems from a single screen. This means
one operator controlling multiple unmanned systems, not
one system being controlled by multiple operators.

In this respect Task Force 59 were able to move forward in
a meaningful way by leveraging Al to reduce the cognitive
load on observers by helping them in making smart deci-
sions faster, and by being able to process and see all of the
information from one location.
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TF59 DIGITAL HORIZON NAVAL EXERCISE

Royal CanadianNavy Lt. Cmdr. Brian MacMillan, left, Intelligence Specialist 1st Class Samantha
Jordan,center,and UK Royal Navy Lt. Andrew Burns, participateiin Digital Horizon 2022 in the
JaskiForce’59 Robotics Operations Center, Nov. 28. The three-weekunmanned and arti

i lligenceintegration eventinvolves employing new platformsin the region for thefirst
tim‘_ U's. Navy photo by Mass Communication Specialist1st Class Anita Chebahtah)

‘AnL3Harris Arabian Fox MAST-13 unmanned surface vessel operatesiir

“Nov. 29, duringDigital Horizon 2022. The three-week unmanned and arf
integration eventinvolvesemployingnewplatforms in the region for the firs
Army photobySgt.Brandon Murphy)

INDUSTRY COLLABORATION

The fourth outcome from Digital Horizon was how we were able
to create rapid innovation in our process through exceptional
industry collaboration. That's not something that one can take
for granted. Task Force 59 innovated at a pace that we simply
haven't seen before; they saw software changes made within
hours, and hardware changes made within days throughout
the event. Under typical circumstances one would see software
changes in weeks and hardware changes in months.

“This acceleration is indicative of the tremendous talent and
innovative minds behind all our work. It was truly significant
and a tremendous contribution for all of those involved: our
active reserve military members who were in Bahrain for
the event; our international officers who were observing;
civilians at the event; and of course, our industry partners.”,
exclaimed Commander Timothy Hawkins.

PEOPLE POWER

Finally, the fifth key take away was that people remain at
the heart of everything the Navy does. They were front and
centre during this operation. This is what they've been saying
allalong: that the U.S. Navy's people are the real secret sauce
in their ability to rapidly integrate these new technologies.
It's notjustabout the gadgets; it's about the ingenuity, dedi-
cation, and commitment from their team that we have seen
ever since theinitial establishment of Task Force 59. It's why
they remain confident in the direction that they're heading.
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intelligence integratianeventinvolvesemploy

D newplatformsin theregion forthe
first time. (U.S. Navy photo by Mass Communication Spec

st 1st Class Anita Chebahtah)

= ASaildrone Explorerunmanned surface vesseloperatesalongside U:S.Coast Guard fast
response cutterUSCGC EmlenTunnell (WPC 1145)in the Arabian Gulf, Nov. 29, during Digital
Horizon2022. The three-weekunmanned andartificialintelligence integrationeventinvolves
employingnew platformsintheregionforthefirsttime.(U.S. photo by Sgt.Brandon Murphy)

THE PATH TO SUCCESS

Overall, the exercise was a great success in terms of allowing
us to continue the rapid progress that Task Force 59 has made
15 months on fromiits establishment, and 177 months on from
its first proposal in a white paper. This is considered a major
milestone to have come so far - from the initial concept, to
being declared fully operational capable by Admiral Cooper
as of January 10th - within such a short time.

Task Force 59 were able to achieve this major milestone
through 11 bilateral maritime exercises; three major inter-
national exercises; and more than 30,000 hours of safely
operating USVsin waters around the Arabian Peninsula. The
tremendous effort by the team and the rapid advancement
of the integration process over just a few months can't be
overstated. And it speaks to the great collaboration not only
with the industry, but also their regional partners.

Last February the goal of establishing the world's first USV
fleet was announced, and on that path significant progress
was made. The plan is still to achieve this target by the end
of summer 2023.

This fleet will include 100 diverse platforms that are made

available for deployment in regional waters in close collabo-
ration with the partners of the U.S. Navy. In fact, 80% of the

vessels that are part of this 100 USVs goal will be resourced

by regional partner nations, not the United States.



E: ; . _—
An ElbitSystems Seagulll cevesseloperatesalongside the patrol coastal ship
U__S-%@;psoon (PC4)in the ArabianGulf; Nov. 29, during Digital Horizon 2022. The three-week ASeasats X3unmannedsurfacevesseloperatesin the Arabian Gulf, Nov. 29, during Digital Horizon
unmanned and artificial intelligenceintegration eventinvolves employing new platformsin 2022.The three-week unmannedandartificialintelligenceintegrationeventinvolves employing
there forthefirst ti‘me. (U.S.Armyphotoby Sgt. Brandon Murphy) newplatformsin the region for the first time. (U.S.Army photo by Sgt.Brandon Murphy)

“This speaks to our commitment and focus on not just inte-
grating unmanned systems and Al for the sake of enhancing
the U.S. Navy's capability but doing it in a way that also
strengthens our collaboration and relationships with
regional and international partners, whom we work along-
side with daily. Because this region is so vast and dynamic,
no one nation can patrol these waters alone. Thatis a
goal that we are still working closely towards.”, concluded
Commander Hawkins.

e —
An Open Ocean RoboticsDataXplorerunmannedsurfacevesseloperatesinthe Arabian Gulf,
Nov. 29, duringDigital Horizon'2022:Thethree-weekunmanned and artificial intelligence
integration eventinvolvesemploying newplatforms in the region for the first time. (
Army photobySgt-Brandon Murphy)
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PATHFINDERS OF THE

AMERICAN MILITARY

PART1

By Ed Darack

ThemodernU.S. Navy operates some of the most technologically advanced systems ever created. Theseinclude much

heralded programs such as the USS Gerald R. Ford (CVN 78) aircraft carrier, the F-35C Lightning Il fifth-generation multi-
role combatjet, and Virginia-class attack submarines. Icons of national power and the culmination of decades of inno-
vation, rigorous testing, and trials by fire, these and other key American military assets can only function to their full

capabilities with the backing of myriad support elements. One of the mostimportant of theseis the Naval Meteorology

and Oceanography Command, COMNAVMETOCCOM, typically shortened to METOC, pronounced “me-tock.” Itis refer-
enced throughout the Navy and the Department of Defense by its umbrella term “Naval Oceanography.”

The command, headquartered at NASA's John C. Stennis
Space Center in Mississippi just inland of the Gulf of Mexico,
began humbly as a small navigation implement repository
and maintenance facility in Washington D.C. Through the
decades, as the U.S. military has expanded its range of capa-
bilities, Naval Oceanography has become the Department
of Defense’s premier environmental situational awareness
provider. It produces a wide range of meteorological, ocean-
ographic, and navigational products, directly supporting
Navy and U.S. military conventional and special operations
missions, globally. From a technical military standpoint, the
best way to describe METOC's overarching function is that
it “optimizes environmental situational awareness in all
physical warfighting domains at the tactical, operational,
and the strategic levels for the country’s warfighters and
those of its allies.” Optimizing environmental situational
awareness means providing the most accurate, timely, and
relevant information about dynamic physical surround-
ings of friendly forces to a degree greater than that which
any adversary could possibly attain. Physical warfighting
domains are land, sea, air, and space. Conceptual warfighting
levels range from the tactical (smallest), to the most expan-
sive, the strategic. Tactical engagements and actions can
occur in an area as small as a half-acre (or even smaller).

i

During AFCEA-USNIWEST 2022, Cépt. Kathryn Heﬂmsdorfer, Commander, Fleet Weather
Center, San Diego, and VADM Jeffrey Trussler, Deputy Chief of Naval Operations for
Information Warfare, meet at the Naval Oceanography booth. AFCEA-USNIWEST isa
premierconference and gathering of the latest, cutting-edge technologiesand state-of=
the-art capabilities that support seaservice operations. (Photo by Lt.Cmdr. Bobby Dixon /
United States Navy)
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NAVAL OCEANOGRAPHY: PATHFINDERS OF THE AMERICAN MILITARY - PART 1

U.S. NAVAL METEOROLOGY &
OCEANOGRAPHY COMMAND

225,600 NM TRAVELED BY T-AGS

Su20F RFI FROM THE FLEET

537 DEPLOYMENTS OF UNMANNED SYSTEMS

58,300 NM TRAVELED BY UxS

,207 PERSONNEL DEPLOYMENTS

22,775 ICE REPORTS & PRODUCTS

3.3 BILLION SUPERCOMPUTER CORE-HOURS

2022 YEAR IN REVIEW

#ItStartsWithUs

407,164 FORECAST MODEL RUNS

155 TROPICAL SYSTEMS TRACKED

1,635 OPS & EXERCISES SUPPORTED 1095 ORIENTATION/GPS REPDRTS

190,070 WEATHER & CLIMATOLOGY REPORTS

Global operations of Naval Meteorology and Oceanography Command are shown in the 2022 Year in Review graphic. Naval Naval Meteorology and Oceanography Command directs and oversees more
than 2,500 globally distributed military and civilian personnel who collect, process and exploit environmental information to assist Fleet and Joint Commandersin all warfare areas to make better
decisions faster than the adversary. (Image: Chief Petty Officer Patrick Gordon / Naval Meteorology and Oceanography Command / United States Navy)

Operational represents the aggregate of the tactical and
is typically as physically expansive as a few miles to a few
tens of miles. Strategic describes national-level actions and
outcomes that typically have historic implications—like a
nuclear strike, launched from a U.S. Navy Ohio Class ballistic
missile submarine. METOC plays critical roles throughout this
warfighting spectrum on a constant basis, whether at war
or not. Its state-of-the-art systems, processes, and above
all, highly specialized personnel, have built this command
into what is arguably the most advanced atmospheric and
oceanographic systems dynamics entity in history. National
defense not only relies on this level of capability, it demands
it. “Naval Oceanography operates simultaneously at the
strategic, operational and tactical levels of warfare in every
theater around the globe,” explained Rear Admiral Ron Piret,
commander of Naval Oceanography and the Oceanographer
and Navigator of the U.S. Navy. “We pride ourselves in our
ability to characterize the battle space and then predict
changes in the environment over time.”

History provides countless examples where knowledge

of the environment has provided a critical advantage over
an enemy—and where oversight of such details has led
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to disaster. Furthermore, some of Naval Oceanography'’s
information supports not just the U.S. military, but a
tremendous range of vital private and commercial activities
throughout the globe, activities that would grind to a halt
without METOC's continuous support.

NAVAL METEOROLOGY, A HISTORY

The history of the Naval Meteorology and Oceanography
Command stretches back nearly two centuries. On December
6, 1830, then Secretary of the Navy, John Branch, directed
25-year-old Navy Lieutenant Louis M. Goldsborough to
establish a facility to maintain, update, and log perfor-
mance data for all of the Navy's navigation equipment. This
included chronometers, necessary for mariners to compute
longitude. Established on a budget of $330 (plus his salary),
Goldsborough opened the Depot of Charts and Instruments
in early 1831in Washington D.C., near the White House (see
Sidebar 1 on the modern iteration of this command, the U.S.
Naval Observatory). The overarching goal of the depot was
to ensure that the Navy would always maintain the highest
degree of precision in navigation on the high seas as was
possible, the most basic form of environmental situational
awareness. The Depot worked to give Navy personnel the

e



best tools and information for this end, with an emphasis
on calibrating their chronometers. Shortly after opening
the depot, the Navy recognized the need for a detailed
understanding and observation of celestial bodies, integral
to gauging both time and position. In 1834, under the direc-
torship of Navy Lieutenant Charles Wilkes, the Depot moved
to a location just north of the Capitol, a part of Washington,
D.C., much better situated for viewing the heavens. After
expanding their repertoire with the inclusion of astronomy,
the Depot undertook its first hydrographic survey. Led by
Wilkes, members of the Depot explored Georges Bank, an
elevated swath of seafloor of the North Atlantic Ocean east
of Cape Cod, Massachusetts.

In November of 1838, just after the Georges Bank survey,
the Depot began regimented meteorological observations.
Working under a broad directive of the Secretary of the Navy
that mandated an ever greater degree of environmental
understanding, then officerin charge of the Depot, Lieutenant
James Melville Gilliss, had the Depot take and record key
atmospheric data. These included weather type (clear, rain,
cloudy); wind force (calm, light, moderate, heavy); wind direc-
tion; temperature, both in the sun and in the shade; dew
point; atmospheric pressure; 24-hour precipitation; diurnal
maximum and minimum temperatures; and evaporative
potential. Depot personnel made these measurements four
times per 24-hour period: 3a.m., 9 a.m., 3 p.m.,and 9 p.m. In
less than a decade, the Naval Depot of Charts and Instruments
established itself as an exploratory body of the sea, the stars,
and the sky. Inthe years to come, this work would continue to
accelerate in scope and breadth, due in great measure to the
superintendent who took charge of the command in 1842,
Navy Lieutenant Matthew Fontaine Maury. Born January
14,1806, Maury was fascinated by the heavens, the world's
oceans, and the sky from a young age. At 19, he became a
midshipman, a U.S. Naval officerin training, and served initially
onthe frigate USS Brandywine. As his naval career progressed,
Maury both taught himself and pioneered the disciplines of
meteorology, oceanography, astronomy, cartography, and
geography. He focused on the interaction of winds, latitudes,
and ocean currents, forging a synthesized view of the sky and
the ocean. He was a member of a number of ship crews during
his total of nine years at sea, including on the USS Vincennes
when it made the first circumnavigation of the world by an
American warship. He published a number of books, including
On the Navigation of Cape Horn, Plan of an Instrument for
Finding the True Lunar Distance, and A New Theoretical and
Practical Treatise on Navigation. The latter, first scientific book
writtenand published by a U.S. Naval officer, proved a tremen-
dous success, with a copy placed on every ship in the Navy in
1837. His work made him famous, and he became known as
the “Father of Modern Oceanography,” the “Father of Naval
Meteorology,” and most enduringly, “Pathfinder of the Seas.”

After nearly a decade on the world's oceans, his seafaring
career came to an abruptendin 1839. While travelling to the
New York Naval Yard after a visit with his parents, the stage-
coach onwhich he was a passenger overturned, breaking his
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right femur. The injury rendered him permanently unfit
for sea duty. After a long recovery, he took the job of super-
intendent of the Depot of Charts and Instruments, reporting
for duty on July 4, 1842. During his tenure at the command,
Maury took what had been accomplished in the fields of
meteorology, oceanography, and astronomy and combined
it with his work and the outlook that he had forged while
on the seas. Under his directorship, the Depot became the
premier scientific institution in the country, pioneering the
disciplines of hydrography and atmospheric science. Among
Maury's many accomplishments, the installation produced
a series of influential navigation charts that revolutionized
maritime travel for both the Navy and commercial shipping.

The decades that followed saw the Navy change the name of
the command a number of times, move it to its current loca-
tion, and enhance its capabilities through a number of the
nation's most grueling, and important, conflicts. With each
war, and with each advancementin military, meteorological,
astronomical, and oceanographic technology, the knowledge
base grew. As the nature of warfare evolved—with the advent
of air power, changes in sea power to include submarine
warfare, and with the introduction of space systems—Navy
meteorology, oceanography, and navigational capabilities
expanded, adapted, and evolved, always maintaining a place
atthe edge of innovation, often pioneering it. The command
has been responsible for a number of discoveries and impor-
tant experiments, including discovering the moons of Mars
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and verifying the effects of Albert Einstein's general and
special theories of relativity. Maury's tenure, which combined
the foundational work of the Depot with his own outlook,
burgeoned over the decades to form the modern Naval
Meteorological and Oceanography Command. Today, rooted
in the spirit of Maury, members of the command are the
modern pathfinders of the Navy and the American military.

THE MODERN METOC

METOC today comprises fourteen subordinate commands
and employs over 2,600 people, including members of the
Navy (many with the official title of aerographer, who collect
both meteorological and oceanographic data), full-time
government employees, and contractors. They are located
throughout the globe and operate and source data from a
wide range of systems, including unmanned underwater
vehicles, manned surface vessels, aircraft, satellites, and
deep space telescopes, engendering their motto “from the
bottom of the ocean to the stars.” The products that Naval
Oceanography produces support operations throughout the
Department of Defense, both conventional and special oper-
ations—and because they are acomponent of the Navy, they
have a special emphasis for operations organic to the service,
including anti-submarine warfare, naval special warfare, fleet
operations, and naval aviation, among others. The individual
components of METOC include the U.S. Naval Observatory
(the modern embodiment of METOC's progenitor, the Naval
Depot of Charts and Instruments), the Naval Ice Center, the
Joint Typhoon Warning Center, two Fleet Weather Centers,
the Naval Oceanographic Office, and the Fleet Numerical
Meteorology and Oceanography Center.

Ranking among the most important of products Naval
Oceanography delivers to the Navy and the Department of
Defense are myriad environmental forecasts, and notably,
weather forecasts. “Not a ship gets underway and not an
aircraft takes off without a forecast from our community,”
explained Captain Kate Hermsdorfer, the commanding
officer of METOC's Fleet Weather Center San Diego, which
is responsible for providing forecasting for the geographic
area stretching from the West Coast of the United States to
the Suez Canal. This includes the entire Indo Pacific region,
formally classified as the USINDOPACOM Geographic
Combatant Command by the Department of Defense.
METOC's Fleet Weather Center Norfolk VA is responsible for
the Atlantic and the Mediterranean regions. Hermsdorfer
explained that some ships have embedded METOC personnel
onboard, and some don't. Either way, ships receive timely
forecasts, custom tailored to their needs. Forecastsinclude a
variety of relevant data, including wind speeds and directions,
sea conditions, fronts, and expected precipitation and other
conditions. While focused on maritime travel, METOC gener-
ates environmental forecasts for military personnel and plat-
forms functioning in all physical warfighting domains: sea,
land, air, and even for space-based platforms.

The forecasts are focused largely on safety of flight for
aircraft and safety of navigation for surface vessels and
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submarines. To this end, Naval Oceanography personnel
generating these products take into consideration a number
of factors about the platforms that will be traversing regions
for which the forecasts are to be made. These include dimen-
sions of ships, including length, beam, and wave size that they
can sustain. Even the latest aircraft carrier, the USS Gerald
R. Ford (CVN 78), has its limits with respect to wave height.
A poor forecast, or a forecast unheeded, can lead to a ship
sinking. An example of this, unrelated to Naval Oceanography,
occurred with the commercial cargo vessel SS El Faro, when
it sank while in the eyewall of 2015's category 3 Hurricane
Joaquin. Waves that battered the vessel were estimated to
have been upward of 30 feet. Routers, who are integral to
METOC's two Fleet Weather Centers in determining specific
ship routes, work with individual Navy ships underway to
ensure their safe passage based on predicted weather events.

Captain Hermsdorfer noted that their forecasts, in addition
to ensuring safe passage and safe operation of platforms,
are developed with operational efficacy in mind. “We look at
operational intent,” she explained. Forecasts are then fash-
ioned in as great of detail as necessary, including recom-
mended routing. These can include tactical situations, in
which a certain predicted weather event may provide
leverage over a potential adversary, such as fog or high seas.

Continuing, Part Il of this article on naval unmanned
systems, including history,and METOC's modern usage
will be published in the nextissue of the Ocean Robotics
Planet Magazine (Issue 35 - Q2 2023).

Ed Darackis anauthor,unmanned systems developer, and founder of
Darack Research. More information at www.darack.com.

THEU.S.NAVAL OBSERVATORY: PROVIDING PRECISION
TIME AND LOCATION DATAFORTHE U.S. DEPARTMENT
OF DEFENSE—AND THE ENTIRE WORLD

The U.S. Naval Observatory (USNO), the historic origin of METOC,
today performs some of the American Military's most technical, far-
reaching, and critically-important work. While not directly involved
in meteorological and oceanographic observation and prediction,
the USNO provides precise time and location data, which is used
notonly by other components of METOC and the Navy, but by the
entire Department of Defense—and the entire world.

The Observatory, founded in 1830 in Washington D.C. as the Naval
Depot of Charts and Instruments, was established to ensure the
proper function of all the Navy's navigation equipment, notably
chronometers. Accurately functioning chronometers were vital to

maritime travel at that time as they are necessary to gauge longitude
while at sea. Calibrating and gauging the reliability of each instrument
was performed by comparing its function against the timing of the
rotation of the earth. To do this, the observatory used a “transit
telescope,” an optical system that precisely measures positions of
celestial bodies, notably stars, as they visually intersect the meridian
passing through the observatory's location as the planet rotates.
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THEU.S.NAVAL OBSERVATORY: PROVIDING PRECISION
TIME AND LOCATION DATAFORTHE U.S. DEPARTMENT OF
DEFENSE—AND THE ENTIRE WORLD (CONTINUED)

From these beginnings, the small facility soon began disseminating
time and celestial body information. In 1845, personnel at the Depot
began dropping a large ball at noon every day, visible to citizens
of Washington D.C. as well as to ships plying the Potomac River. In
later years, Western Union transmitted USNO coordinated time
throughout the United States. Starting in 1852, the Depot began
publishing the “American Ephemeris and Nautical Almanac,” an
annual publication giving precise positions of celestial bodies, neces-
sary for maritime navigation and a number of terrestrial applications,
like surveying. The information is still published each year, although
it has been divided into two publications, the Nautical Almanac and
the Astronomical Almanac, since 1981.

Today, the USNO continues to provide time and positioning informa-
tion, and the instruments the facility uses—descendants of its earliest
telescopes and chronometers—are the most advanced and precise

in the world. The U.S. Naval Academy continues to teach celestial

navigation, and the Navy considersitabackup form of navigation on

ships. Itis also a form of navigation on another type of Navy vehicle,
a Trident Il D5 submarine launched ballistic missile. Once launched, a

special star tracking camera isolates a star in the sky and compares

its location to digital tables the USNO produces, and then the missile

makes adjustments toalign itself onto the proper course to the target
(such missiles do not use GPS as this system can possibly be jammed

or “spoofed”). The scienceiis called astrometry (related to astronomy).
With astrometry, which the USNO continues to pioneer, specialists

take extremely precise measurements of celestial bodies.

“USNO has two main jobs that can be summarized in two words: refer-
ence frames,” explains Geoff Chester, the public affairs officer of the
USNO. Position information comes from radio telescopes, located
throughout the globe, that observe quasars. Quasars, extremely
bright galactic cores, are some of the most distant objects known in
the universe. Although the universeis expanding, their great distances
make them essentially stationary to an observer on earth and provide
ideal “fixed” positional references. “Perhaps the mostimportant part of
these measurements are called Earth Orientation Parameters (EOPs),”
explains Chester, who has a backgroundin astronomy and physics (and
whose great grandfather was the superintendent of the observatory
from 1902 to 1906). “When measured against the celestial reference
frame, we can see the small but significant changesin the Earth's speed
of rotation as well as the changing angle of the planet’s rotational poles.
These parameters figure into the position solutions of GPS.”

GPS, or Global Positioning System, relies on the USNQ's time calcula-
tions to function. The foundational process of GPS is called multilat-
eration, in which precise distance measurements from each of three
or more orbiting satellites to a position on the surface of the planet
gives a precise coordinate for that position. With the speed of light
known, distances are calculated by time-of-travel from each satellite
to the position in question, hence the importance of precision time.

Called the Department of Defense Master Clock, the USNO system that
coordinates this process is an ensemble of more than 100 specialized
atomic clocks. Atomic clocks, initially developed by Britain's National
Physical Laboratory inthe early 1950s, rely on counting oscillations of the

Thepi:tureshomﬁoheoftheclockvaultscontainingra.sksﬁcesium' ean :Io:ksand!

hydrogen masers: (Courtesy of Naval Meteorology andQceanography Command / United
States Navy)
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single valence electron of certainatoms (cesium, rubidium, and hydrogen).
Chester explains that when these atoms are stimulated by microwave

radiation, the electron oscillates between two “hyperfine” states ata

specific frequency. “Working with astronomers here at USNO, arelation-
ship was determined that linked an astronomically defined second, the

Ephemeris Second, with a specific frequency of oscillation in the cesium-
133 atom. Since 1967, the second has been defined by this frequency as

the duration of 9,192,631,770 cycles of radiation corresponding to the

transition between two hyperfinelevels of the ground state of cesium-133."
Clocks thatuse cesium, Chester explains, are formally called “cesiumbeam

frequency standards,” as their frequency defines the second. Each GPS
satellite hasa number of onboard atomic clocks, some that use cesiumand

some that use rubidium. Just as the USNO originally analyzed chronom-
eters and noted any deviations from locally-observed timing, personnel

at the USNO today carefully check the onboard clocks on GPS satellites

daily against the Master Clock, which has a precision of a few hundred

picoseconds (a picosecond is a trillionth of a second). Any deviations in

specific clocks in satellites from the Master Clock are disseminated so

thatreceivers canautomatically adjustand provide locationinformation

of the highest possible accuracy and precision. Department of Defense

GPS satellites transmit frequencies usable by any GPS-enabled device

onearth,and furthermore, USNO adjustments are disseminated globally.
USNO-sourced timing dataare criticalinanumber of nonmilitary applica-
tions. Virtually all global electronic financial transactions and computer
and telephonic networking systems rely on the USNQ's continuously

updated timing standards. Just like the early days when it provided daily

noontime ball drops for residents of Washington D.C. and those on the

Potomac, the modern USNO keeps the entire U.S. Military—and much of
the entire world—synchronized.

-
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SATTLING A
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Lieutenant Sarena Padilla, USN and Ensign Garner Fleming, USN
U.S. National Ice Center / Naval Ice Center

The Arcticdomainis the next frontier for US military operations, where the physical environment poses a greater
threat to achieving strategic dominance, managing assets, and ensuring freedom of the seas.

THE CURRENT SITUATION
The time has come to shift our mindset as a defensive nation
in more ways than one. The Arctic Ocean is in many ways

an uncharted domain for conducting military operations.

It will be no easy feat to operate in this region; a hostile

environment for modern vessels within ice-infested waters.

Currently, there exists a limited icebreaking capability by
our naval forces that is completely reliant on the US Coast

E(mgﬁﬁfm@ﬁrﬂmmﬁmm

Guard (USCG), with assets USCGC Healy and USCGC Polar Star
handling all polar pathfinding needed to ensure safe transit
in these regions. This shortfall is driving the production of
the next generation of Polar Security Cutters, a joint USN
and USCG effort to address the dire necessity for increased
icebreaking operations in the near future. The first new Polar
Security Cutter is expected to be delivered in 2025.
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Along with an updated force, any future naval conflict will
require leveraging technological advancements made in the
past 80 years since the naval challenges posed by World War
Il. The US was last fully tested as a strategic force imple-
menting legacy efforts during WWIIin both the Atlantic and
Pacific theaters - both vastly different operational realms
than what the Arctic presents. The future of warfighting

Sea ic'e‘- ag
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ceenvironmentforseveralmonths. (€ourtesy of USNIC)

will demand means beyond globally-deployed strike groups
and a prominent physical presence. The Information Warfare
Community will be of greater importance as the challenges
facing battlespace awareness, assured command and control,
and integrated fires are heightened in the austere environ-
ment of the Arctic. Successful intelligence preparation of the
operational environment, mastery of the electromagnetic
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NOAA's National Centers for Environmental Information showing the declining trend of Arctic Sea lce in October from 1979 to 2022. (Courtesy of USNIC)

spectrum, and solid communications could very well be
deciding factors for any conflicts in the high latitudes. Any
future conflict will now be settled in large part by how well
information, including environmental intelligence, is gained,
exploited, and disseminated.

Technology thatimplements Artificial Intelligence/ Machine
Learning (Al/ML) methods could yield a warfighting advan-
tagein predicting the physical battlespace. Current projects
are underway across the fleet, many led by Office of Naval
Research and Naval Research Laboratory, to address the
need for advanced multi-platform data assimilation to
improve high-latitude numerical environmental models for
forecasting and predictions. A variety of environmental data
collected through in situ or remote means is necessary for
these modeling efforts to be successful. The sea ice edge
canvary by hundreds of miles overnight when faced with the
dynamic meteorology presentin the region. Many analytical
intelligence challenges can be partially to fully automated
Al/ML, but even these innovative efforts require substantial
data, among other resources, as a driving mechanism. It will
be essential to fill the current environmental data gapsin the
Arctic if the US is to harness the technical advances made
in computing and successfully exploit technologies such as
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more sophisticated models and innovative Al/ML projects.
Some small but mighty naval commands have started paving
a path forward to meet these shortfalls.

The US National Ice Center (USNIC) is a tri-agency organiza-
tion of the US Navy, the National Oceanic and Atmospheric

Administration (NOAA), and the USCG has a mission to provide

global to tactical scale ice and snow products, ice forecasting,
and related environmental intelligence services for the United

States government. Less than 50 uniformed, civilian, and

contract personnel comprise the USNIC on a daily basis with

only a dozen of those individuals performing the USNIC duty of

creating a variety of routine ice analyses for the Arctic, Antarctic,
US Great Lakes, and other geostrategic locations where ice may

form; a daily analysis of US Northern Hemisphere snow, andice

products to directly support assets and personnel in the field.
With such a small team, providing environmental intelligence

to ensure safety of navigation in treacherous polar waters and

economic prosperity within and along high latitude commercial

routes and port regions is a heavy task.

ANTICIPATING CHANGE

Sea ice not only affects its local surroundings butis also a
driver of global ocean temperatures and currents. Sea ice
generally forms during the winter months and recedes in the
summer months, leaving some seaice to linger until the next
summer. As sea ice has a high albedo, implying it is a bright
surface, much of the solar radiation received by sea ice will
be reflected away from the earth, assisting in keeping the
polar regions cold. As temperatures warm either season-
ally or climatologically, less sea ice remains to reflect this
solar energy, creating a positive feedback cycle that further
exposes ocean waters to insolation and the absorption of
energy. This cycle, intertwined with sea ice cover, is one
reason the polar regions are sensitive to even the slightest
fluctuations in global temperature.

Several portions of the Arctic Ocean that have historically
been covered with seaice through at least parts of the winter
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02/01/2023 Overview: Daily Mean Velocity
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will become increasingly ice-free in the coming years. This
decrease in ice poses the consequence of shorter maritime
trade routes, or completely new transpolar routes, becoming
available thus significantly decreasing maritime Arctic transit.
The great power competition's intrinsic threats to the Arctic
region are expected to grow as economic and geopolitical
opportunity grows. It should be noted that the Arctic is the
sole shared battlespace with a peer competitor. There is no
doubt rapid change is occurring in the Arctic, making now
the opportune time to form strategic war plans thatinclude
solutions from the Information Warfare Community.

A WAY FORWARD

The US National Strategy for the Arctic Region was most
recently updated in October 2022 with a new 10-year scope
that seeks a peaceful, stable, prosperous, and cooperative
Arctic; acknowledging the heightened strategic competi-
tion in the Arctic alongside corresponding strategic objec-
tives that share commonalities with the USNIC mission.
The geostrategic importance of the Arctic domain will
only increase each year as the decline of the perennial sea
ice continues and the ice edge shifts. It is imperative to
strengthen awareness and corresponding action of the
unigue operating environment that the Arctic presents
which will yield a strategic advantage. This effort includes
investing in technology that detects and tracks potential
threats and improves our own capabilities in the region as a
nation. Thisis nota simple task due to the dominant role that
Russia has in the Arctic, as well as the growing concern for
China’'s desire to be an influential nation in the region.

The Arctic is still largely unfamiliar in its delicate environ-
mental complexities. The need for increased and enhanced
observations continuously grows as the sea ice left behind
year after year becomes more fragile, thin, and diminishesin
extent, losing an equivalent area the size of South Carolina
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LBI Air-expendable Ice Buoy (AXIB) and parachute being deployed over Beaufort Sea via
C-130 platform. (Courtesy of USNIC)

annually. Characterizing the ice in the region requires various
input sources whether it be satellite-derived data, in situ
sensing platforms, or occasionally deployed personnel feed-
back while onboard icebreaking operations in the region. The
limited in situ observations help increase near-real time envi-
ronmental knowledge in the Arctic, but at current numbers,
they form an incomplete picture and are not enough for
fully forecasting and safely operating within such a complex,
harsh domain. The USNIC and partners are able to sense
atmospheric and sea state conditions by using a network
of buoys through the US Interagency Arctic Buoy Program
(USIABP), but the unforgiving surroundings that the Arctic
poses degrade any deployed hardware quickly. The resulting
data gaps require routine sensor replacements and drive
the demand for development of tailored equipment for this
cold, icy region. The USNIC most heavily relies on satellite
imagery to fulfill its mission. As the sea ice extent continues
to be influenced by climate change, the workload for opera-
tional centers like the USNICrises with increased vessel traffic
near ice-infested waters. The USNICis pursuing automated
solutions to combat the uptick in vessel traffic needing ice
products and expertise. This will improve sea ice characteri-
zation from its current standards which are reliant on manual
analytical methods by trained ice analysts. By bringing Al/ML
into the analytical workflow for making sea ice products, the
USNIC is able to provide enhanced qualitative and quantita-
tive seaice products and support the safety of navigation.

DOMAIN DETECTION

In situ sensors deliver invaluable information on the scene
utilized for reporting near-real time atmospheric and sea
state conditions, initialization, and forcing of global weather
models, validation of satellite-derived environmental data,
and identifying long-term trends in the region. Buoys are
routinely deployed by members of the USIABP, including
USNIC personnel, from either shipborne or airborne



platforms. In collaboration with 12 nations across the
globe, the USIABP observations contribute to the broader
International Arctic Buoy Programme (IABP) buoy network.
In situ sensor deployments can be costly and require careful
planning but the data they collect is necessary to achieve
a prosperous and peaceful Arctic region. Since deploying
buoys, the USNIC and other IABP partners have gained the
ability to validate environmental predictions and identify
vital trends in the Arctic for large-scale operations such as
Ice Exercise (ICEX) held every two years on the Beaufort Sea.
Deployed buoys are subject to the harsh environment of
the Arctic and may become dormant for weeks or months
in detrimental weather, if not destroyed completely by
the force of shifting ice. Buoys typically only survive a few
years at best before requiring complete replacement. Data
gaps are also formed from the sensors drifting south of the
Arctic Circle, no longer reporting conditions proving useful
for Arctic operations.

Having additional sensing platforms in the Arctic region and
enhancing their performance and design is beneficial not
only to global researchers and the USNIC specifically, but also
fulfills a pillar of US National Strategy for the Arctic Region:
“Security: Develop Capabilities for Expanded Arctic Activity”,
calling for “invest[ing] in modernized domain awareness to
detect and track potential airborne and maritime threats and
improve sensing and observational capabilities, including for
seaice, ship traffic,and weather.” The future of the Arcticand
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its stability depends on how effectively we depict battles-
pace awareness in the region. Well-equipped sensors and
novel computing methods will allow the United States to
reach that goal.

The USNIC primarily examines Synthetic Aperture Radar
(SAR) satellite imagery due to its ability to penetrate clouds
and provide reliable, high-resolution coverage throughout
day and night. This imagery in conjunction with Al/ML algo-
rithms is a powerful tool that will allow end operational users,
like USNIC and partner services like USCG's International
Ice Patrol; Canadian Ice Service; and Danish Meteorological
Institute to form better environmental products and predic-
tions of the polar regions. The embedded potential in using
Al/ML processes will further increase the efficiency of the
USNIC to more effectively support mariners, save ice analysts
time and effort, as support requests continuously increase,
and lead to increased comprehension of a changing polar
environment.

Even the most advanced Al/ML models at first require
substantial data sets to be trained on before becoming a
part of the operational workflow to characterize sea ice.
Environmental machine learning models that intake satel-
lite imagery can vary in output based on several factors,
including fluctuations in season, viewing angle, weather
conditions, and which region of the Arctic being imaged.
While Al/ML applications ideally make manual processes
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AG1 Michael Huelsing assigned to Naval Oceanography Mine Warfare Center (NOMWC)
launching aMark 18 Mod | Swordfish UUV to condu:t mine countermeasure
for Arctl: Edge2022. (Courtesvo'

more streamlined and of higher quality, there is significant
effortinitially to ensure the modelis producing accurate and
meaningful results for the mission, like classifying multiple
stages of seaice from a single SAR image.

A JOINT EFFORT

It requires a team effort to fully utilize aforementioned tech-
nological advancements to better predict the Arctic battles-
pace. Industry partners continue to provide cutting edge
business models and oceanographic sensors that more effec-
tively aid decision-makers in mission planning and execution
than solely what the DoD is capable of. The observational
gaps can be filled with multitudes of smaller, satisfactory
instruments rather than justasingle highly precise, expensive
unit — yielding minimized temporal latencies when viewing
data from every angle. The USNIC has recently taken part
in the Cooperative Research and Development Agreement
(CRADA) between Naval Meteorology and Oceanography
Command (CNMOC) and Sofar Ocean Technologies.

This partnership allows further testing of buoy-based
sensors in high-latitude operating environments for
longevity in severe weather conditions faced in the Arctic.
An ongoing effort exists to bring currently available data
from shipboard and unmanned platforms into global weather
models and decision support services such as USNIC sea ice
products. Ajoint force of all DoD players operating within the
Arctic region will determine mission success as conflicts arise.
The US Navy's Arctic Submarine Lab coordinates ICEX to
challenge naval operational readiness, boost experience and
understanding, and develop partnerships further with like-
minded nations, other armed service branches, and research
partners. USNORTHCOM holds Arctic Edge biannually across
the Alaskan landscape, in order to gain agility training in
a cold-weather environment for both US and Canadian

defense personnel. These exercises require improved coor-
dination and communication between all service branches
in the coming years to test and maximize joint capabilities
inthe region.

Most recently, the USN Strategic Blueprint for the Arctic (“A
Blue Arctic”, 2021) was released, acknowledging that 90%
of global trade travels across the world's oceans, which is
expected to double over the next two decades. The Arctic
Ocean has the potential to connect over 75% of the world’s
population as melting sea ice opens up timelier maritime
trade routes between North America, Europe, and Asia.

An opening of the Arctic Ocean brings the US closer to
northern neighbors to provide mutual assistance in times
of need; enable allied nations to defend the homeland, deter
aggression, and coercion; and protect sea lines of commu-
nication. The US Navy's resilience in the Arctic is embodied
by the late RADM Robert Peary, credited as the first to land
at the North Pole in 1909, “| will find a way or make one”.
Building a more capable Arctic naval force is critical to
securing our national security.

ABOUTTHEAUTHORS

LT Sarena Padillaand ENS Garner Fleming are active METOC officers
currently stationed at the USNIC within the Science and Technology
Department. This department plays a vital role in transitioning
research to operations including novel sensor utilization and

machine learning efforts. Several USNIC personnel contributed
theirinsight from operational and scientific perspectivesin order
to portray an accurate outlook, keeping in mind that the nation
will face a different array of combatant challenges than what has
historically taken place; where warfighting will require agrasp on
the smaller, more agile measures in the multitudes.

For more information regarding current seaice and snow support products,
reach out to the US National Ice Center by visiting usicecenter.gov
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NODULES

TO SURFACE

The Metals Company (TMC), an explorer of the world’s
largest estimated undeveloped source of critical battery
metals, announced thatits subsidiary NORIand offshore
partner Allseas have successfully concluded the first
integrated systemtestinthe Clarion ClippertonZone of
the Pacific Oceansince the 1970s. TMCachieved all signif-
icant pilot milestones while collecting approximately
4,500 tonnes of seafloor polymetallic nodules. Over
3,000 tonnes were transported up a 4.3km-long riser
system to the surface production vessel, Hidden Gem,
while the additional 1,500 tonnes of nodules were
purposely left behind onthe seafloor as part of the trials.

Following initial pilot system commissioning tests, the dedi-
cated team of 130 crew and engineers aboard the Hidden Gem

conducted a series of production runs in NORI-D test area to

assess the system'’s endurance prior to further development
into a small-scale commercial system. Driving the pilot nodule

collector over 80 kilometers, Allseas engineers put the system

through aseries of tests achieving a sustained production rate

of 86.4 tonnes per hour, roughly equivalent to transporting

the mass of 40 Tesla Model S vehicles up the 4.3-kmrriser pipe

every sixty minutes. The pilot systemis expected to be scaled

up to include additional collector heads and a wider diameter
riser pipe in preparation for NORI's Project Zero, which will

target a production rate of over 200 tonnes per hour.

Y
Pilot collector on deck. TheAIIseas—de;fgned pil
the Hidden Gem during the firstintegrated systej
Pacific Ocean since the 1970s. (Courtesy bf;l'lle‘! V
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Concurrently, aboard a dedicated monitoring vessel,
marine experts and academic scientists conducted the
first monitoring program of an integrated pilot collector
system test. The team used remotely operated vehicles
(ROVs) and autonomous underwater vehicles (AUVs) to
survey, monitor and sample the sediment plumes gener-
ated by collector operations on the seafloor as well as the
mid-water discharge of water from the riser system used
to transport nodules from seafloor to the Hidden Gem.
The team deployed an array of over 50 subsea sensors
on seafloor landers and mid-water moorings to continu-
ally monitor sediment plumes and noise generated by the
nodule collection operations. The ongoing monitoring
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The pilot nodule collection system trials and environmental monitoring program together represent the most complex offshore campaign
the Company has ever undertaken, requiring the coordination of 250 people across three vessels. (Courtesy of The Metals Company)

program will continue to survey environmental impacts
and produce valuable scientific data after the conclusion
of the collector system test.

Gerard Barron, CEO & Chairman of The Metals Company said:
“We believe in making decisions based on data and evidence,
not speculation and sentiment. This pilot collection system
trial and monitoring campaign is the single most important
milestone in de-risking the NORI-D project and establishing
actual data on the environmental impact profile of potential

The view from the control room. From a dedicated control room aboard the Hidden Gem, nOdU|e CO”eCt|On Operat|0n5 and |mprOVementS wecan make

Allseas engineers successfully drove the pilot collector vehicle over 80 kilometers across g oin g forward.”
the seafloorin the NORI-D exploration of the ClarioniClippertonZoneof the Pacific Ocean.
(Courtesy of The Metals Company)

He added: “I'd like to thank the teams aboard all three vessels
involved in this complex pilot test and monitoring campaign
who have worked tirelessly—some for months—co-ordi-
nating and solving problems together offshore. Hidden
Gem is now heading back to port with over 3,000 tonnes of
nodules in her hold, but the post-collection survey work is
still ongoing until the end of the year. We look forward to the
completion of this important work and the opportunity to
share the data and itsimplications with the global community
as soon as possible.”

With the technology trials complete, the marine research
teams will remain on-site to recover the landers and moor-
bkl r . . .
p ,-TheAIIseas—designednodulecollectorvehi:leaw: ngla!.mch Ings deployed for the CO|IGCt0r test monltorlng program
F R AL s I W e  and will undertake post-collection surveys to compare the
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status of the seafloor environment before and after the
test. Once complete, the collection system test monitoring
program will represent the single largest simultaneous envi-
ronmental impact monitoring study ever conducted in the
CCZ. The data collected, together with many terabytes of
existing baseline data collected by NORI throughout 16
offshore campaigns, will form the basis of NORI's applica-
tion to the International Seabed Authority for an exploita-
tion contract, which the Company expects to be ready for
submission in the second half of 2023.

TMC and NORI expect that the findings from the rich data
gathered during the trials will be published in scientific litera-
ture in the next year, in what is expected to be a significant
expansion of our understanding of the deep-sea ecosystem
in the CCZ where 17 of the 19 nodule exploration contracts
awarded by the ISA are located.

In March 2022, NORI and Allseas agreed that the pilot nodule
collection system would be upgraded by Allseas to acommer-
cial system with a targeted production capacity of 1.3 million
tonnes of wet nodules per year and expected production
readiness by Q4 2024.

Nodule Colleetar Control Room: Anoperator ni&nitorwet-gst trials

from aboard the H_idde_n Gemessel. (Courtes_y_gf.The MetalsCompany)

hieved sustal _ekroductionrate

r 'our.?l?épilot systemisexpectedtob |
ameterriserpipein preparationfor NO| e:tZe‘@",.‘w_hieh willt_a@t
anaverage pl:oductioln rate of over200 tonnes per hour. (Courtesy of The Metals Company)
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Introducing SubmergeDeep™

A multifunctional heat transfer and hydraulic
fluid for marine electric vehicles, created by
Engineered Fluids.

This revolutionary fluid meets the
requirements needed in ROVs for pressure
compensation, electrical insulation, thermal
management, and hydraulic power transfer.

Achieve higher operational performance
while eliminating the health and

ae DO

www.engineeredfluids.com
Engineered Fluids Inc., St. Petersburg, FL, USA

Specialised Personnel, Services, and More:
What can the Oceanscan Group do for you?
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SLUE NODULE

HARVESTINGAT
A DEPTH OF 5.5KM

By Richie Enzmann, Ocean Robotics Planet

Scarce metals and minerals that we may desperately
need in the future lie at the bottom of the ocean.
Therefore, many countries are looking into the possi-
bilities of deep-sea mining: harvesting these raw mate-
rials at depths of many kilometres. In this context, an
important roleis reserved for ROVs and ROV cables.

The mostimportant question at the forefront of this discus-
sionis how to harvest deep-sea polymetallic nodules, whilst
avoiding causing serious harm to the environment.

Polymetallic nodules contain relatively high concentrations
of nickel, copper, and cobalt. Cobalt is especially valuable
because of its use in electric car batteries. Nodules occur
at any depth, but the highest abundance has been found
between 4,000 and 6,000m below sea level. But how do you
harvest these nodules at such depths?

"Deep sea mining is not an easy task," explains Wiebe
Boomsma, Manager Product Development at Royal IHC."In
many cases, standard equipment is not enough."

ROVS AND DEEP-SEA MINING

As a maritime technology company, Royal IHC builds and
supplies integrated vessels, equipment and services to
customers in the dredging, offshore, mining and defence
industries. They also developed an unmanned seabed mining
crawler that can remove valuable substances from the ocean
floor. "In 2026, our first customers will start launching their
commercial mining activities," Boomsma estimates. "We have
been researching, developing prototypes, and conducting
pilots for ten years now, with which clients can ultimately
start their operations. We not only look at the technical
possibilities, but also at the impact of deep-sea mining on

the environment." >

-
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BLUE NODULES: HARVESTING AT A DEPTH OF 5.5KM

"Due to the energy transition, the demand for metals will
grow considerably. Materials in wind turbines and electric
car batteries last for decades. So, for the time being, those
materials are not yet entering the recycling cycle. This makes
us really dependent on new sources of supply."

Since Royal IHC has been investigating technology and
sustainable solutions for deep-sea mining for ten years, the
company has now accumulated a great deal of knowledge.

"Often, the customer has a specific idea, which we develop
furtherin a concept study. From the outlines to the smallest
details, together with the customer we come up with the best
solution," explains Boomsma.

INTERNATIONAL COOPERATION

Royal IHC has joined forces with a whole army of suppliers,
including DeRegt Cables, to share knowledge. For example,
the companies have worked closely together in the frame-
work of Blue Nodules, a research project subsidised by the
European Union, intending to develop a deep-sea mining
system. It focuses on harvesting polymetallic nodules at four
to six kilometres deep.

14 parties from seven European countries are considering
how these nodules can be mined with minimal environmental
impact. "We're literally around the corner from DeRegt,"
Boomsma says. "Only the River Lek separates us. Since
we're so close to one another, it's easier to work together
than having to fly halfway across the world first. It's a very
pleasant partnership."

DEEP SEA MINING MACHINES: A POWER-
FUL VACUUM CLEANER

The system that has been developed for nodule mining can
bestbe compared to a giant vacuum cleaner. The Apollo I, as
the system is known, is equipped with a 5.5-kilometer-long
umbilical. Six powerful pumps transport the nodules which
are 'harvested' to the vessel on the surface. This operation
requires a lot of energy: about five megawatts. By way of
comparison, one megawatt can supply about a thousand
households with electricity simultaneously.

DeRegt developed a one-size-fits-all cable so that one
part can be easily replaced. The umbilicals contain a double
Coflitesy oTDERat steel armour sheaf to transfer loads whilst protecting the
electrical and optical components from crushing. Fragile
components are placed towards the centre of the cable. For
GAINING MOMENTUM corrosion prevention, every single steel wire is jacketed. This
Currently, about 85% of rare-earth materials, such as nickel, meansthatifthe cableis damaged and its water tightness is
cobalt, and copper, come from Asia. The raw materials on ~ compromised, it will have minimal impact onits durability. For
land are regularly the subject of geopolitical games. That  optimal protection, the outside of the cable is also covered
is why many European countries are looking to become  with double steel armour. The Apollo Il hangs on this cable
less dependent on these raw materials. As a result, the by whichitis also powered.
development of deep-sea mining machines has gained
momentum. "It's not that land-based resources willrunout  For safety reasons, no human interference is allowed, so a
soon," Boomsma says, "but by extracting resourcesfromthe  clamping system that allows the cables to be fixed to the
sea, you have a better guarantee of a constant supply. We'll  vertical transport system needed to be developed. This
desperately need that supply in the future. system automatically clamps and de-clamps the umbilicals
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Courtesy of DeRegt

along the 5.5 km long hose during the launch and recovery
of the system. Aninnovative method was used to minimise
the mechanical loading onto the umbilicals and vertical
transport system.

Mining requires so much energy thata battery is not enough.

Boomsma explains, "The system has been tested in the

Mediterranean. There's almost no tide there, like in the ocean.

As a test site, it's easier to reach, less deep, and the bottom

OV Cables OV Cables
he Ultimate Guide

T

R
The Ultimate Guide

Courtesy of DeRegt

is very similar to the ocean's." Together with the Royal
Netherlands Institute for Sea Research (NIOZ), Royal IHC
looked at the impact of the vehicle on the environment and
the technical possibilities. "The cable developed by DeRegt
fits well on the underwater vehicle we developed and is ready
to be sold commercially. A very nice tangible end product of
such alarge-scale project!”

Thanks to these many technological efforts, deep sea
mining of metals and minerals on the seabed is gradually
becoming more of a feasible alternative. Boomsma explains,
"If we didn't believe in it, we wouldn't have put so much
energy into it. Deep sea mining machines are getting more
advanced every day."

THE ULTIMATE

ROV CABLE GUIDE

Each ROV cable design is different,
and every subsea project requires its
sown specifications. In the Ultimate
ROV Cable Guide, you can read every-
thing there is to know about projects
like these, ROV cable construction, and
trends in the ROV market.
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SPECIALISED PERSONNEL,

SERVICES, AND MORE:

WHAT CAN THE
OCEANSCAN GROUP

DO FORYOU?

Formedin 1989, Oceanscan Limited, a privately owned company, is a specialist supply company, providing rental
equipment and personnel to the offshore energy sector on a global scale.

Since inception, the company has grown to incorporate
businesses that provide synergistic services that both
complement and enhance our service provision. As a result,
Geoforce Technical Services Limited, Sercal NDT Equipment
Ltd, Oceanscan Inc, and more recently HPR (UK) all operate
within the Oceanscan Group.

Focusing on the personnel division, Oceanscan acquired HPR
(UK) - a provider of competent and compliant personnel to
the offshore energy sector - in June 2021, further strength-
ening our position and providing customers with accesstoa
combined pool of personnel.

The personnel division now comprises two entities employing
management and account handlers, with extensive

experience in operations and/or recruitment within the
offshore energy sector. The group is now a key supplier of
skilled personnel - eitherindividually or as complete teams -
for both short and long-term placement.

Personnel Business Development Manager, Julian Nelson
said, “Having spent over 30 years in the offshore energy
sector | have gained experience both in the field and
onshore, and consequently know the importance of having
theright people in the right place at the right time. For our
customers, collectively we understand your project require-
ments and can help you source personnel with the level of
competence, expertise, and experience required. For the
contractor, we know what is expected of you and how best
to representyou”.

Team headedup by‘_Phil" ar'greave?(Couri_:esy ]

. 50 | oceaN rRoBoTIcs Planet

‘e



i |
R | sl

man (Courte BFOceanscan)
11 i

Prior to working with Oceanscan, Julian worked in opera-
tions management. He went on to say, “Having previously
worked with both Oceanscan and HPR (UK) as key suppliers,
| valued their commitment, integrity, and compliance at all
times. The teams continue to build trust with customers and
contractors alike; they take pride in their ability to source and
secure candidates to meet the high-level labour demands of
the offshore energy sector.”

ABOUT SARAH CHAPMAN
(PERSONNEL OPERATIONS MANAGER - OCEANSCAN)

Sarah has a wealth of recruitment experience in the offshore
industry, and has led personnel recruitment at Oceanscan since
2009, when the Lowestoft office was established. Since then, Sarah
has gone on to develop and grow the business, as well as sharing
her values and knowledge with the team. Well known within the
industry, Sarah has developed strong relationships with both
customers and contractors. She has the passion to provide the
high level of service that you would expect from a global supplier.

Whilst the group continue to focus on a number of key disci-
plines - including survey, ROV, inspection, diving, offshore
management, cable/flexi/rigid lay and SURF, rigging and
lifting, HSE, trenching and plough - the teams led by Sarah
Chapman and Phil Hargreaves have the resources, problem
solving capabilities, and experience to supply candidates
from other specialist skill sets to meet customer-specific
project requirements.

ABOUT PHILHARGREAVES
(PERSONNEL OPERATIONS SUPERVISOR - HPR UK)

Having cut his teeth in the subsea recruitment industry in
the 1990s at Racal, Stolt Comex, and Acergy, and within the
Renewables sector at Subocean Group, Phil moved into agency
recruitmentin 2005. Heading up the HPR (UK) entity in Inverurie,
Philis responsible for the team, and provides in-depth knowledge
of the requisite standards and individual requirements. His work
helps provide a long-term support structure for both customers
and contractors alike.

“
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Al ROV
olutions

The FIFISH PRO is a series of innovative
and high-performance compact inspection
ROVs, equipped with 4K UHD Camera
systems, 360 degrees of maneuverability,
Al object tracking features, professional

383mm (l) x 331mm (w)
x 158mm (h)

tool extension capabilities, as well as a
suite of collision avoidance sensors, smart
position lock systems, and precise AR
measurement functions. Portable, rugged
and reliable, the FIFISH Underwater Robots
by QYSEA are built to optimize your
small-scale underwater operations.

( FIFISH PRO WE )

700mm (I) x 469mm (w)
x297mm (h)

info@qgysea.com - +86-0755-2266-2313 - www.qysea.com
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B - THE AMPHIBIOUS
= ' AUTONOMOUS
TRACKED VEHICLE
STANDING ITS GROUND
IN THE SURF ZONE

Fast-evolving military threats in the world's surf-zones have prompted
therelatively rapid development of arange of tracked amphibious vehicles
packed with multiple sensors, but such vehicles could also solve an array
of data acquisition challenges in the wider commercial marine industry.




MIND THE GAP - THE AMPHIBIOUS AUTONOMOUS TRACKED VEHICLE STANDING ITS GROUND IN THE SURF ZONE
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Froma military strategy point of view, the surf zone, intertidal
margins, and areas of very shallow waters, such as estuaries,
have long been considered a security soft underbelly by forces
across the world. Difficult for personnel to workin, too shallow
'. > for many naval vessels, and too wet for terrestrial equipment,
i concerns in this area have understandably grown alongside
' recent technological developments in mines and minelaying.

So, anincrease in mine related incidents and more advanced
| anti-access capabilities, saw the U.S. Navy review its need
to be able to project force from ship to shore, and be able to
manoeuvre in the littoral zone, as well as have the capability
to clear hazards in the surf zone, on the beach landing zone
and beyond.

The United States Department of Defense founded the
Defense Innovation Unit (DIU) to accelerate the adoption
of commercial technology into the military domain. In early
2022, the DIU launched a project to seek a state-of-the-art
amphibious unmanned system that would be capable of
detecting, identifying, localising, and navigating to potential
explosive hazards from the beach, through the surf zone into
deep water, and be able to neutralise explosive hazards in a
range of depths, including very shallow water.

At the same time, marine technology specialists Greensea
Systems, Inc. (Greensea) had just acquired a small engineering

: = j : company that had been utilising Greensea’s open architec-
Colirfesy of Bayonet OceanVehicles ; - : ture platform to operate their line of crawling robots, in
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order to advance and scale the use of these robots into the
commercial market. From this acquisition, Bayonet Ocean
Vehicles (Bayonet) was launched in 2022, introducing its new
line of amphibious crawling vehicles. While they had already
proved their mettle in mine countermeasures, Greensea had
a bigger picture in mind for these robots. Thanks in part to
the DIU contract, the robots had acquired significant capabili-
ties, such as objectidentification, machine learning, and were
carrying a wide range of sensor payloads. These were clearly
capabilities that should not be limited to the military context.

Other tasks that the vehicles are addressing outside of
littoral warfare include hydrographic survey, wind farm
survey and maintenance, coastal dredging support, envi-
ronmental monitoring of the seafloor, beach zone, riversand
marshes, and wharf inspections.

Deployable from land or water independent of weather, the
three sizes of Bayonet ground vehicles are designed to transit
along the ocean floor as well as on land. Benefiting from this
state-of-the-art software built on Greensea's OPENSEA open
architecture platform, the crawlers offer precision navigation,
payload integration, autonomy, over-the-horizon command
and control. In combination with robust hardware, the
crawlers can easily workin the surf zone, carrying larger sensor
payloads onto the sea floor, and can be fitted with a variety
of environmental, oceanographic, hydrographic, benthicand
industry specific sensors, meaning they can cover awide range
of applications for both military and commercial applications.

ear_y\_/ehi:l

Bt

Courtesy of Bayonet OceanVehicles

These vehicles are unique in offering robotic platform capa-
bilities working from the beach and into the surf zone, as well
as in ocean depths of up to 100 meters.

BROADER SOLUTIONS

It could be persuasively argued that the initial military adop-
tion of this technology has de-risked it for other industries.
The commercial market is increasingly attracted to utilizing

tried and tested technology to support their efforts and,
thanks to defence dollars, the issues with operating vehicles

in such a challenging environment have all been addressed.
The challenges of working in the surf zone, a frequently harsh

and volatile environment between the beach and sea, are

often a barrier to activities within and beyond this zone, but

the benefits of utilising amphibious ground vehicles that can

easily negotiate the environment between the shore and the

seais not hard to see.

According to NASA, around 70% of the earth’s surface is
water, of which 97% is the ocean. With the oceans, and specif-
ically the waters along coasts and islands, being so impor-
tant for human activity, itis desirable that mapping of these
areas to a good degree of accuracy is achieved. However,
the challenges faced for coastal mapping and shallow
water surveying are well documented. Utilising amphibious
crawlers is offering a new means of surveying in a range of
disciplines. By design, the crawlers operate extremely well
in the conditions presented during hydrographic surveys,

where the capabilities of land-based vehicles and humar& .

.
-
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MIND THE GAP - THE AMPHIBIOU

TONOMOUS TRACKED VEHICLE STANDING ITS GROUND IN THE SURF ZONE

Greensea EOD Workspace ve.0.

-@ Vehicle (OPENINS_Nay W i ﬁ

Po
1000

Courtes|ry ofiBayonet é‘(fggrﬂm(h

and those of in-water vessels decrease. This zone, frequently
characterised by higher currents, increased wave activity,
unstable ground, is no challenge for the heavy-duty amphib-
ious crawlers. They can easily transition this zone, carrying

different payloads of sensors, such as cameras, lights, sonars,
etc. from the shore into the sea to carry out a range of tasks

easily and return with valuable data.

Thefact that the vehicle can operate through this zone opens new
possibilities for conducting surveys without key ‘missing pieces’,
along with the potential of reducing survey operation costs.
No longer is a bespoke, shallow draft crewed vessel required
to reach the site from its mooring or berth. The vehicle can be
transported in the back of a car, set up on the shore with all the
required payloads, and set to performiits task.

In between survey tasks, the electric Bayonet vehicles canlie
completely dormant on the seabed, almost indefinitely, with
near zero battery drain.

The offshore oil and gas industry is another industry that relies
heavily oninnovative technology. Complex surveys need to be
completed in challenging terrain to ensure the area targeted
for exploration, construction and extraction is carefully
surveyed. Environmental impact studies may also be required.
The flexibility of the range of payloads that the vehicles are
able to carry, provide a solution that is easily customisable.

Latein 2022 a strategy to harness the potential of offshore
renewable energy was commissioned by the European
Commission. In order to explore and invest in the marine
renewables sector, projects and spatial planning activities
will be needed, bringing together a range of users of the
ocean, all of whom will be involved in a range of survey tasks.
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However the offshore energy mix pans out, reducing the
number of assets needed to conduct surveys, and selecting
vehicles such as Bayonet's, are both a great help towards
reducing the operator's overall carbon costs, a key considera-
tion for the oil and gas or offshore renewables industries alike.
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We provide innovative professional training courses for the marine
industry that meet the highest standards.

' [ A\

- i" Training Supplier Member of IMCA

The features of our TRAINING QSTAR is known throughout the

world for the high standard of the
Our trainees receive a thorough ROV  Pilot education along training it provides. Our unigue
all over the courses, which includes a professional development training philosophy aims not only
module program with experts from across the marine industry to to achieve excellent test’s results,
enhance your understanding, achieve and develop the professional skills but also to build a solid foundation
required for a successful career as a Commercial ROV Pilot Technician. of knowledge that will enable you
Coming soon: An Innovative E-Learning online ROV to progress to basic, intermediate
Training Campus so students can achieve theory knowledge’s and advanced ROV training - and
before arriving to QSTAR facilities to complete the training. beyond to an ROV Pilot career.

Barcelona & Canary Islands
rovtraining@gqstar.es
www.rovtrainingcentre.com
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http://rovtrainingcentre.com
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- Power: 115VAC @ 800W (other options available)
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ELECTRIC TORQUE TOOL

Max Worklhg Torque 30Nm to 2,711Nm
. Max Workmg Speed: 6RPM (fully variable)
Torque Control Accuracy: +2% of Torque Demand (271Nm to 2,711Nm)
: A 10Nm (30Nm to 270Nm)
Size: 580'x 227 215mm
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Lightweight
Depth Rating: 3,000 msw (options to 6,000 msw)

Communication:

Ethernet: 10/100 Base-T
Serial: RS232 / RS485

For further information, contact sales@zetechtics.com

Tel: +44 1653 602020
www.zetechtics.com
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= AIS
ABOONTO
OCEAN ROBOTICS

by Geo. Guy Thomas, C-Sigma, geo.guy.thomas@C-SIGMA.space

When people think of Satellite AIS (S-AIS)’s ship tracking
capability they typicallyimmediately linkit to the tidal wave
of new Earth observation satellites currently coming online.
However, thereis another tidal wave of capability out there
benefitting from real-time knowledge of every legal ship’s
location around the globe. The unmanned marine vehicle
(UMV) world - both on and under the seas - is also under-
going its own explosive growth. People are now using the
geolocation and identity of all legal ships provided by S-AIS
torunmodels to exploit the sensors found onabroadrange [
of robotic vehicles, including aerial and seaborne vehicles. .




Unmanned marine vehicles are highly stable platforms for all
kinds of video, sonar, and manipulator work, but they often
need to know what other vehicles are in their area, who they
are, and their planned trajectory. In this regard, AIS can help
in the immediate vicinity, and S-AlS can identify all transmit-
ting ships in the region well before they pass near the UMV
or any mothership.

CONVENTIONAL USAGE

One of the first such uses of S-AlS was in the search for MH
370, the Malaysian airliner which went missing while flying
from Kuala Lumpur to Beijing. S-AlS provided the location
of the search vehicles controlling the deep ocean robots
to all elements of the search team, onboard other vessels
and ashore. This allowed the team to better coordinate their
search efforts and for command centers - both on scene
and at national centers on land - to fully understand the
on-scene tactical picture.

Geospatial intelligence at all classification levels -
“Unclassified” through “Top Secret” - must have positional
and time of collection information in order to be fully useful.
The timelier and more accurate the information is, the more
useful. This is absolutely true at the tactical level: the “Here
and now” level.

Drones and robots are now being widely used in this way,
both onland and at sea, in addition to ocean research. S-AIS
can be of major assistance in determining where to send
the UMV and what other vessels are in the area that might
interfere with the operation.

Ukraine appears to now be patrolling its shores and surveil-
ling Russian operations in the Black Sea and possibly the Sea
of Azov with unmanned low-profile vessels. They may well
have both AIS receivers on board as well as receiving S-AlS

reports via satellite links on where known ships are located
so as to maximize their effectiveness. Warships are almost
certainly not broadcasting their AlS, but merchants almost
certainly are so they will not be targeted by either side.

DETECTION

The expanded use of unmanned platforms on the seas is
really just getting started. Much like the start of aviation
115 years ago, the start of space flight 65 years ago, and the
creation of theinternet 40 years ago, the only real limit is our
imagination. We now use planes, satellites, and the internet
for tasks that the inventors of those first systems never
dreamed of. Wilbur Wright had noidea his contraption would
lead to the Airbus 380, the SR-71, or the F-35.

Thisis also true of robotics, and S-AlS is a natural partner with
those systems engaged in the maritime world. It tells you
where the “good guys” are and who is behaving abnormally,
especially those who are trying to spoof AlS by using incor-
rectidentities or providing false positions, both of which can
be easily detected.

Of course, itisimpossible to detect vessels who intentionally

turn off their AIS. However, if they've ever had AIS turned on

and then turned it off while at sea, anomaly trackers imme-
diately detect them, and those vessels are immediately

assigned to watch lists in many places. When they do turn

their AIS back on the questions immediately asked in those

places are many. They begin with: why did it go dark; where

was it; and what was it doing?

In the future it's entirely possible that it will be normal for a
robotic ship or aircraft to be tasked to intercept these vessels
for inspection if they can be subsequently located. These
sorts of operations are already taking place, although at the
moment they are few and far between.

ABOUT GEOGUY THOMAS

Guy Thomas is the S &T Advisor to NATO's Maritime Security Center of Excellence and
Chairman of the Maritime Security Information Sharing Working Group. Prior postsincluded
the US's first Science & Technology Advisor for Maritime Domain Awareness, where he wrote
the C-SIGMA concept, basis for Task #1 of the US National Space Policy of 2010, and with the
Department of Homeland Security Science & Technology Directorate.

Prior to his civilian government positions Guy spent 35 plus years in military signals intel-
ligence, participating in surveillance missions and systems development in the US Navy, US
Air Force, and at Johns Hopkins APL where he conceived and led the design of Satellite AIS.

Leading reconnaissance operationsin aircraft, cruisers, and submarines, he spent over ayear
in hostile waters, and 2,000 plus hours in unfriendly airspace. He was one of the Navy's first
space cadre, thereby becoming the first quadruple qualified person in Navy history.

Directing the mission systems acceptance tests of both the Navy EP-3E and the USAF RC-135W,
Rivet Joint Block I, the first two aircraft with automated mission systems, he was allowed to
wear both USN and USAF wings at the same time, a unique honor.

He was NGA's Individual of the Year (Industry) in 2015.

Author of “A Silent Warrior Steps Out of the Shadows" and “New Sentinels of the Seas.”
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As the costs of this technology go down and the cost of
crewed ships and planes go up, there will be more and more
unmanned vehicles in many different roles, both in the air
and on the seas. | believe one of those primary roles will
be surveillance and reconnaissance, which are related but
different. Surveillance is a continuous action while recon-
naissance happens for a shorter period of time.

VDES

But there are many other tasks the marriage of S-AlS and
robotics can accomplish in the future. This is especially true
as a major upgrade of S-AlS is just coming on-line. The next
generation of AlS, the VHF Data Exchange System (VDES),
will have up to 32 times the bandwidth, thereby providing
significantly more data exchange capabilities for ship/ground
interconnectivity via satellite. It will also have substantially
increased cyber security.

As with AIS, VDES will include a space link with satellite
constellations planned for launch in the coming years. VDES -
basically AIS 2.0 - will provide two-way messaging capa-
bility, turning S-AlS into a significant loT communications
method. S-AlS is already a major player in the maritime M2M/
loT world but the technological leap of VDES will give the
maritime community the opportunity to develop new appli-
cations that will ultimately provide better efficiency, safety,
and security as well as increased protection of the marine

www.blueyerob

environment and its resources. This will allow for another
means of two-way communication anywhere on the globe
with robotic and autonomous vehicles. Another benefit is
that because VDES will continue to operate in the same VHF
frequency range as AlS, there is no need for a highly sophis-
ticated or complicated antenna, thereby significantly simpli-
fying system installation.

ORBCOMM - who launched the first commercial S-AlS
network and currently provides global AIS data services to

government and commercial customers worldwide - has

partnered with AAC Clyde Space and Saab to launch a proof-
of-concept VDES satellite that is expected to launch laterin

2023. Asked to comment on VDES and its benefits to ocean

robotics, Andy Loretta, Senior Director of Maritime Business

Development for ORBCOMM, said that: “VDES will truly

democratize narrow-band VHF communications for the mari-
time community. By turning AlS into a two-way messaging

service, it will allow for a whole new set of applicationsin the

industry, including command and control of autonomous

vehicles, sensors, and robotics.”

AlS, and especially S-AlS, should be investigated if they are
not already well known to you. The coming deployment of
VDES bears monitoring by all involved in maritime opera-
tions, especially those with smaller platforms such as those
engaged in ocean robotics.
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SUBMERGEDEEP®

A MULTIFUNCTIONAL HEAT TRANSFERAND
HYDRAULICFLUID FORMARINE ELECTRICVEHICLES

Dr. David Sundin, Engineered Fluids, Inc.

ABSTRACT

ROVs for deep sea applications are required to operatein the
harshest conditions on earth in terms of pressure, tempera-
ture, and environment. ROVs rely entirely on batteries, elec-
tric motors, and hydraulic actuation for their powertrain
and manual actuators. In addition to pressure compensa-
tion, these components require water intrusion protection,
thermal management, and highly reliable hydraulic power
transfer fluids.

The use of traditional hydraulic fluids in these applications has
unfortunately resultedin significant exposure-related health
issues for operation and maintenance personnel, as well as the
introduction of hazardous oil pollution to sensitive marine
environments. This article examines the use of an entirely new
type of synthetic multifunctional fluid to meet the require-
ments of ROVs pressure compensation / electrical insulation
/ thermal management / hydraulic fluids that provide higher
operational performance, while eliminating the health and
environmental issues posed by traditional formulations.

BACKGROUND

Inthe last two decades, there have been rapid developments
in electric battery and motor technology, leading to the
adoption of electric drivetrains in ROVs and marine vehicles
in general. Requirements for lubricants and coolants are
being reevaluated with an eye towards consolidation of the
number of different types of fluids used.

Researchinto battery and electronics cooling has shown that
Single-phase Liquid Immersion Cooling (SLIC) technology is
an efficient and safe thermal management approach for a
wide variety of electrical devices. SLIC technology refers to

Courtesy of Engineered Fluids
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moving heat from hot electronics or motors with an electri-
cally insulating fluid, then cooling the fluid somewhere else.

Hot electrically live components are fully immersed in a
dielectricliquid coolant. The components are cooled through
low pressure circulation of dielectric coolant through and
around electronics or motors, then dumping waste heat
using liquid-to-liquid or liquid-to-air heat exchangers. Using
an electrically insulating fluid eliminates the need for any
insulation between the electrically-live motor and electronics
and the fluid itself. As liquids are about 2,000 times more
efficient at moving heat than air, power-dense systems can
be easily cooled with SLIC technology.

PROLIFERATION OF FLUID TYPES

ROVs and other Marine Electric Vehicles (MEVs) use battery cool-
ants, motor coolants, charging cable coolants, hydraulic fluids,
pressure compensation fluids and lubricants in various applica-
tions on each vehicle. One of the problems that this has brought
about is the proliferation of different types of fluids in today's
vehicles. Reductionin the number and weight of different fluids
is especially important in the case of marine applications. Some
of the applications for different functional fluidsin ROVs are:

BATTERY COOLING - as batteries are charged and discharged,
they generate heat. The faster that this charge/discharge
cycling occurs, the more heat is generated. However, electric
batteries operate efficiently in a narrow temperature band.
To maximise battery performance and life, it's important to
keep the temperature within this band. Cooling batteries by
immersing them in an electrically insulating fluid has been
proven to be one of the most efficient means of keeping
batteries in the desired temperature range.

Courtesy of Engineered Fluids
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Figure 1shows a cross section of amotor incorporating a stator cooling jacket and how oil
cooling is used within the rotor end windings (lllustration courtesy of NOAA)

MOTOR COOLING - high torque DC motors are used in EV
powertrains. Traditionally, these motors have been lubricated
with recirculating motor oils, hydraulic fluid, or Automatic
Transmission Fluid. Environmental regulations are expected
to increase demand for highly biodegradable, non-toxic
alternatives.

ELECTRONICS COOLING - Electronics assemblies on board MEVs
are now smaller but have increased power capacity. Today's
Marine EVs have several assemblies of power-dense electronics
components that require advanced thermal management.

HYDRAULIC POWER TRANSFER - One of the largest volume
applications for a functional fluid in marine vehicles is for
hydraulic fluid. ROVs use hydraulic pumps and cylinders to
engage directional changes and movement of external arms,
grippers, and sensors. Functional requirements of hydraulic
fluids are not expected to change, but regulatory demands
are moving the industry towards the use of highly biodegrad-
able, non-toxic base oils.

PRESSURE COMPENSATION - ROVs and other deep-sea
equipment need a way to compensate for the tremendous
hydraulic pressure that can be encountered in subsea appli-
cations. This can be done by strengthening the external
housing or by flooding the EV with a noncompressible fluid
to compensate for the external pressure.

HYDRAULIC FLUID APPLICATION

As hydraulic fluids have represented the largest volume of
any single type of functional fluid on MEVs to date, there have
been efforts to use them to perform the job of other func-
tional fluids. Obviously, for lubrication of hydraulic pumps and
cylinders, hydraulic fluids perform well. They have shortcom-
ings, however, when used in battery, electronics, and motor

cooling, or as a pressure compensation fluid. Hydraulic fluids'
low dielectric strength limits their application as electronics
coolants. The zincand phosphorous-containing additives that
hydraulic fluids typically use are not only toxic but can cause
a variety of health problems with workers. “Touching some
hydraulic fluids may cause weakness in the hands or burns
to the skin depending on the chemical make-up of the fluid.”

Electrically, hydraulic fluids have poor resistivity and low

dielectric strength, preventing their use as nonconductive

fluids for cooling electronics, batteries, or charging systems.
The petroleum base oils used typically contain sulfur, which

attacks electrical circuit boards and are too highly compress-
ible to be used in pressure-compensation applications.

MODERN CHEMISTRIES YIELD

NEW MULTIFUNCTIONAL FLUIDS

Recently, the use of more modern raw materials with newly
discovered chemical reaction pathways led to the devel-
opment of fluids with multipurpose functionality. In 2020,
researchers succeeded in the development of noncom-
pressible, electrically insulating hydrocarbon molecule with

enhanced lubricity characteristics. This molecular structure

can be used to make fluids that have characteristics that, until

now, were considered antagonistic to one another; impos-
sible to exist within a single chemical.

In 2022, SubmergeDeep* was introduced by Engineered Fluids,
Inc., asan example of a Multifunctional Fluid specifically made for
Marine Electric Vehicles. SubmergeDeep, a non-toxic, biodegrad-
able dielectric heat transfer fluid acts as a coolant, an electrical

insulator, a pressure-compensation fluid, and as a hydraulic fluid.

The comparison shows that SubmergeDeep has advantages
over a typical hydraulic fluid in many applications:

| Alower viscosity, combined with higher thermal conduc-
tivity means that SubmergeDeep is more efficient with
respect to heat transfer. This means that lower fluid
volumes and fluid flowrates are required to maintain the
motors at their optimum operating temperature.

| High flash and fire points of SubmergeDeep add a signifi-
cant margin of safety against fire and explosion.

| Higher dielectric strength allows SubmergeDeep cool-
ants to be used in SLIC applications where electrically live
components are submerged directly into the coolant fluid.

| Absence of zincand phosphorous-based additives means that
SubmergeDeep does not cause skin allergies and health prob-

lems often associated with these chemicals in hydraulic fluids.

| Lower pour point allows SubmergeDeep to remain fluid at
lower temperatures.

| Ahigher biodegradationrateis better for our environment

in case of a spill. -
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CONCLUSION

Electric powertrain improvements have led to the develop-
ment of electrified ROVs and MEVs in the last decade, which
have different requirements for functional fluids than vehi-
cles powered by combustion engines. One of these require-
ments is cooling a variety of electrical components (motors,
batteries, charging systems, electronics, etc.). The most
efficient way to cool live electrical components is with SLIC
Technology, where the hot component is immersed in the
flow of a dielectric fluid.

Hydraulic fluid has been used for many of the functional fluid
applications on ROVs and MEVs, but their poor electrical
properties have limited their applicationin cooling electrical
parts. In addition, hydraulic fluids have problems meeting
modern HES (Health, Environmental and Safety) require-
ments. Electrical insulating oils, on the other hand, have

e
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traditionally not had the lubricity and antiwear properties
required to be used in hydraulic systems. In addition, their
material compatibility profile made them unsuitable for use
with many hydraulic pumps.

A new class of Multifunctional Fluids has been developed,
which can be used as both a dielectric coolant as well as a
hydraulic fluid. These hydrocarbon liquids have an excellent
HESprofile. They also have sufficient anti-wear function-
ality to protect hydraulic systems while retaining excellent
electrical characteristics. SubmergeDeep, a product line
of Multifunctional Fluids is now being used commercially
in MEVs in place of hydraulic fluids. SubmergeDeep is the
first product that can be used in both hydraulic and thermal
management systems, as well as acting as a deep-sea pres-
sure compensation fluid.
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MAINTAINING OPERATIONAL ADVANTAGE
THROUGH INCREASED MARITIME AWARENESS

We caught up with Adrian Pierce, naval spokesperson
forUndersea Defence Technology (UDT) 2023 to find out
what we can expect from UDT Rostock. We touch on the
topics of defence, security, and subsea infrastructure.

RICHIE ENZMANN: Nice to have you here Adrian. Please let's
start with the location of this year's UDT and talk about the
German Navy being the host of this year's conference.

ADRIAN PIERCE: The location is Rostock, and the German

Navy are acting as the host and sponsor for this year's event.
Rostock is now the location of the German Naval operational

command, as I'm sure you are aware. They have announced

afurtherinvestmentin Rostock for the recovery of the ship

repair yard that they will use to cover some of the mainte-
nance delays. And they will also open the future home of the

Baltic Sea Maritime Command headquarters.

It'sgood that UDT is going somewhere thatis very much at the

centre of German naval thinking. Of course, the German Navy
have their own investmentsin the undersea domain, including

their forthcoming P8 surveillance aircraft, the NH-90 - the

replacement for Lynx helicopter — and they also have the

—
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program for a further two, improved Type-212 submarines,
whichisajoint programme with Norway. So, it's quite exciting
for the German Navy right now; there is a lot going on within
a fairly short period of time. This is quite prescient with the
geopolitical situation reflecting the events of the last year.

RE: Obviously, this the region of high geopolitical tensions.
The Baltic Sea is contested waters and the Nord Stream gas
pipelines — which were recently sabotaged - are also used
to feed into a terminal near Rostock. How would thisimpact
the defence industry in your opinion? Would there be more
investment for pipeline protection in the future, and how is
this aligned with the conference theme this year?

AP:Ithink there was already anincreased focus on the seabed
and theinfrastructure that sits onit. And the events around
Nord Stream | and Il have certainly shifted the public focus
as well. I think there was already a move to that area as far
as some commercial companies are concerned, so this is
a sphere where we have already seen some investments.
Recently the UK bought a vessel for seabed surveillance and
seabed defence, and they are certainly not the only ones. We
will see more of that in the future.
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You could argue that this exploits the “grey zone", which was
the theme of the last conference in 2022: that the underwater
domain has always been a grey zone. It's not necessarily easy
todisrupt, butactivity goes on underwater where it can't be

seen. That being said, it's not necessarily something that the

average person on the street would be interested in, despite

being close to our hearts and interests.

Theseais a placein whichit's difficult to operate because the

weather, the oceanography, and the water column is ever
changing. It's not the same from one geography to the next,
so the problems we see in the North Atlantic and the Baltic
can be very different from those in Southeast Asia and the

Pacific, both of which have huge interest from a defence

perspective. Of course, both are very open to technology and

alotofinvestment, and | thinkin the next decadeithas been

assessed that over $90 billion will be spent on conventional

submarines. Thisis a lot of money but not all countries have

that sort of cash to throw around, so people are looking for
disruptive technologies.

Disruptive Technology (DisTec) programme will also be at
UDT showing the opportunity to explore non-traditional

solutions and innovations for underwater defence and secu-
rity. DisTec will be an innovative forum we hope, and - in

many ways - they have the potential to reshape the future

of undersea operations.

Of course, when we speak about undersea operations, we

are looking at it from a defence perspective, but we are also

looking at defending and securing commercial operations

effectively. The Nord Stream pipelines you mentioned, and

other stories in the press about cables: they are commercial

cables not owned by governments and nations, but owned

by commercial companies and affect many, if not all, nations

across the world. Therefore, it'simportant that defence talks

to commercial entities as well. There should be something

of interest for everyone at UDT to educate and to provoke

thought. It's not just to sell their wares, but also hopefully to

reflect on future products, problems, and solution sets as well.
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RE: As you mentioned some of these pipelines and cables
are commercial assets. How do you see the future? Who will
pay the bill for surveillance and security? Do you think it will
be the responsibility of the asset owners - such as energy
companies — or governments?

AP:1don't think there is going to be any one answer that fits
every question. It would depend on which asset we were
talking about and what it provides. Ifitis a power cable, that
might be very different to acommunications cable. You also
must look at how many assets there are available that do
repairs, and therefore how much effort you want to putinto
surveillance in the first place, so you can try to prevent rather
than wait for a repair to be needed.

It will also depend on individual countries, companies, and
relationships. And of course, with any cable or pipeline you
are not just talking about isolated nations. In most cases
you're talking about a minimum of two; in many cases, it
could be multiple countries being affected. So, while it might
be a single commercial company that owns the bulk of it, it's
going to be a very complex piece, and of course it will be too
late when the repair is required.

RE:lagree, it sounds like a very complex issue especially with
all the subsea communications cables connecting continents
across the globe, and the existing oil and gas and offshore
wind infrastructure.

AP: And it's only going to get more complex, not less. There
are a preponderance of projects going on. In Europe there
are more cables going across the North Sea for power, you
have an Interconnector going between Denmark and the
UK, | believe. There is of course offshore wind running in all

sorts of places, which provides anincreased power network.
Thereis also a project to link Morocco with the UK for energy.

Interestingly that project shows you how much capacity
there is currently in the world. They are looking at building

e
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their own cable layer and factory to manufacture cables,
because the capacity justisn't there currently. It tells you how
much is going on around the globe right now.

The seabed - and the national critical infrastructure that
sits within that - is something that actors are becoming
increasingly aware of, potentially increasing vulnerability
and disruption - and that's why we need to have a greater
awareness of what is happening in the maritime domain. We
need to understand that this domain is far broader perhaps
than some are looking at, both from a defence and security
standpoint, but also a from a safety, environmental, and of
course economic perspective. There is a lot of work going

on with maritime domain awareness, and it's very much the
flavour of the month; there are lots of nations and others -
including the UN and EU - looking at improving maritime
domain awareness. Thatincludes all maritime operations like
ports, underwater, on the water, above the water. It's huge!

RE: Does the theme - Maintaining Operational Advantage
Through Increased Maritime Awareness -refer to warfighting
or something much broader?

AP: It's not necessarily fighting. As we started highlighting
at the last UDT, the fact that the underwater world is known
as the grey zone indicates that we haven't had a lot of kinetic
fightingin the underwater domain for many years, apartfrom
incidences such as those in Korea [RKOS Cheonan, March 2010].
But operational advantage refers to trying to maintainan edge
over potential adversaries in order to increase your success
if it ever comes to hostilities. It also increases the protection
of your own assets and therefore hopefully avoids hostilities
in the first place. If you can make it too costly for somebody,
then hopefully we won't have something as costly as warfare,
which is expensive in both lives and money.

That's why we have a security industry: to try to avoid people
getting injured and equipment damaged, so that we can go
onwith our commercial and other activities uninterrupted. If

you can maintain that operational advantage, then hopefully
the deterrence value is there.

RE: Let's look at the main theme in more detail. What will we
see in the conference tracks relating to maintaining opera-
tional awareness through increased maritime awareness?

AP: The programmes are organised around six pillars: plat-
form design, sensors and processing, weapons and counter-
measures, uncrewed remotely piloted autonomous systems,
operational drivers and imperatives, and big data, Al, and
machine learning. All these pillars are cross connected. There
is a lot about submarines and underwater vehicles, but it's
notjust that, and we look at subjects in all those pillars.

RE: With regards to ocean robotics, what are some inter-
esting topics that spring to mind?

AP: There are some exhibitors with interesting solutions in
that field. Saab, Lockheed Martin, Babcock, and other key
players in the industry are there with great papers being
presented about autonomous recovery systems: about the
extra-large UUVs, and smaller ones.

And there are more specialist topics: everything from power
solutions to sensing and the realities of operating in the
undersea environment. Naval mine countermeasures are
another topic related to underwater vehicles, and we see
the increased use of unmanned vehicles for oceanographic
and hydrographic work, maritime surveying for charting,
etc. It's very easy to talk about digitising the battlespace but
ultimately physics only lets you do so much. As such, it's right
to look at the realities surrounding that.

Machine learning, and the advent of Al is also big this year.
We need better machine learning and Al to develop the full
capability of our systems. If you are interested in the under-
water environment, then there is something there for every-
body at UDT! —»

* oceaN RoBoTICS Planet | 69 .

—

e
I w5 f%

- -
A



EARLY BIRD RATES AVAILABLE UNTIL 31 MARCH 2023

TITLE

SAE Media Group Proudly Presents the 6th Annual A= MEDIA

UNCREWED MARITIME 7_3 |
EMS TECHNOLOGY | vy

Optimising Naval Capabilities with Next-Generation
Uncrewed Maritime Systems

Commodore (Ret'd) David Burton, Director ASW Barrier - Smart Defence
221 S Initiative, Royal Navy MARCAP

KEYNOTE SPEAKERS INCLUDE:

LZ Commodore Richard Atkinson, Navy Deputy Director Strategic Force
Development, Royal Navy

N4
v,

%
N

Commodore Darron Kavanagh, Director General, Warfare Innovation
Navy, Royal Australian Navy

Commander Hatice Gomengil, Maritime Situational Staff Officer and

—d2—| Usage of UMS in MSO Concept Development Lead, NATO Maritime
" . Security Centre of Excellence (NATO MARSEC COE) L_.....,_-..-_.,_-:
== Captain Colin Corridan, Taskforce 59, Commander Unmanned & 5--*“-:&_‘
- Artificial Intelligence integration, U.S. Navy :"‘_'f* —
Mr Robert lannuzzi, Director of Unmanned and Autonomous Systems —
Development and Integration, Naval Surface Warfare Center e .
-
E Mr Jeffrey Brewer, Co-director, London Tech Bridge = —
= INTERNATIONAL MILITARY AND SPEAKERS INCLUDE: - e
KEY REASONS TO ATTEND: [ e—

Commander Paul Hornsby, Navy Lead & Operational Requirements [ =
* Listen to keynote briefings from leading military Sponsor, Royal Australian Navy
leaders driving the development of uncrewed

maritime systems

¢ Hear updates and guidance from allied UMST
programme managers

¢ Delve into the latest topics and frends shaping the
future of uncrewed maritime systems and learn
of how to integrate these new technologies into
enhance your operational effectiveness

Commander Renauld Hock, Project Leader, Belgian Netherlands =
replacement MCM programme, Belgian MoD e —

Commander Antonio Mourinha, Director CEOM, Portuguese Navy

Commander Pieter Blank, Innovator Program Manager, Royal
Netherlands Navy

Mr Ferdinand Peters, Naval Systems Architect, Defence Material
Organisation, Ministry of Defence, Netherlands

Mr Jonathan Reed-Beviere, Programme Director, Mine Hunting —

=R

* Discover culting-edge technology to enhance Capability Programme, Director Naval Aquisition, Royal Navy e —
operational effectiveness and explore Dr Martin Syre Wiig, Research Manager, Underwater Robotics, ==
opportunities for greater codlition interoperability FFl (Norwegian Defence Research Establishment) -

» Benefit from the extensive networking Mrs Coco van Boxtel, Specialist Underwater Warfare Technology, e

: opportunities at the conference and meet your R SEOMISET OFCRINEEHOR &% —
= fellow peers at dedicated networking lunches Dr Henry Dol, Senior Scientist, TNO =

° oy . -
EXp|E)I’e Thei_ Un:\:.f.;{\/ed aAC‘rmmg SY?LGI’TST t Dr Alain Maguer, Programme Director Autonomous Unmanned e
equipment exhibiiion snowcasing ne Iares Systems, NATO Centre for Maritime Research and Experimentation E—
technology S —

J Mr Nikos Pronios, Innovation Lead, Innovate UK o
P IS —
A L= Dr Philip Bagley, Long Range Operations Manager, National Marine | = _‘F:
SPONSORS AND EXHIBITORS P1 [N Facilities, National Oceanography Centre —
E Mr Philip L. Hoffman, Uncrewed Maritime Systems Research & —
p==—= Development Coordinator, National Oceanic & Atmospheric S —

Administration (NOAA) — -

¢ Mr William Langton, Registrar of Shipping & Principal Inspector, -
y Defence Maritime Regulator, UK Ministry of Defence p—

\& LEONARDO @IAlcLra

— - - - -

CPD

www.umsconference.com/oceanroboticsplanet e

SAE Media Group Defence
@SAEMGDefence
#UMST2023


http://www.umsconference.com/oceanroboticsplanet

EAT BALLS OF
FISHY FIRELIGHT

By Capt. Marc Deglinnocenti, U.S. Merchant Marine (Ret.), oldarmada@gmail.com

Some fish are attracted to light. We all know that. We've known that since ancient people have been waving fire

torches from wooden dugout canoes. It's even evident today. It can be seen in all of those brightly lit up fishing

vessels at night. Sure, those lights help keep the deckhands safe, but you can tell that many of those lights are

specifically designed and aimed at bringing fish up closer to the surface. So, why not produce some special under-
water lights for the seabed fishing industry? Well, a few companies have tried to do just that by selling lights for
crab pots, lobster traps, and bottom trawls. Some of those products have provided mixed results due mostly to

the quality of the products made. However, one company has managed to shed somelight on the subjectinamost

positive way as far as the practicality of their product is concerned. Before we start dissecting products though,
we should first concern ourselves with whether these bottom fish attracting lights work on bottom feeding fish.
To find that out we must turn to a few scientific studies regarding these benthic type fishing lights.

In order to grasp the truth of the matter we must take a visit

to the Hokkaido University in Japan and take a look at their
2017 study entitled Fish Attracting Effects of LED Light of
Different Colours. There we will find a scientific study testing

the effectiveness of underwater lights attracting fish. The

obvious results of their experiments proved that LED lights

do attract various species of underwater fish. As stated

above, we already knew that, but what is interesting is that

different LED light colors attract fish differently. The 12.5-
hour study rendered the following results:

| RedLED, 633 nm wavelength,
70 Ix intensity, attracted 101 fish

| GreenLED, 514 nm wavelength,
122 Ix intensity, attracted 400 fish

Cyan LED, 490 nm wavelength,
36 Ix intensity, attracted 450 fish

Blue LED, 465 nm wavelength,
37 Ixintensity, attracted 1119 fish

Oddly enough this study did not test pure white LED lights,
however | did meet up with CEO Friedrich Trobolowitsch
of FT-TEC at the 2022 Pacific Marine Expo in Seattle,
Washington, USA to discuss the specifics of white under-
water LED fishing lights. Seaangel is a subsidiary of FT-TEC
of Austria which makes various colored underwater LED
lights that enhances fishing. His booth at the expo had a
brightarray of flashing and steadily lit LED lights of multiple CEO Friedrich Trobolowitsch at the 2022 Pacific Marine Expo shows us how his

colors guiding metoitasiflwerethefishtobe caught. These SeaTrace 3000 spheres attracts fishand people. (Photo by Capt. Marc Deglinnocenti)
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clear yet sealed spheres had no external switches. They were
turned on and off by an external magnetic key. Even their
4-t0-6.5-hour charge time was accomplished by an external
charger that uses electromagnetic induction to charge their
internal batteries. Even their light settings are accomplished
with external magnetic keys. This clever sealed design allows
foraremarkable depth rating of 1600 meters (5280 feet) as
per CEO Friedrich Trobolowitsch's test data shows. He then
went on to make a series of more fantastic claims.

| asked him about how the different colored LED spheres
worked attracting different fish as | held up a flashing red
one. He stated that the red flashing LEDs soon become
obstructed at deep depths. Red LEDs are only good for the
shallowest of fishing tasks. He also stated that red LEDs
attract the fewest fish. His personal experience statements
were corroborated by the above Japanese study. He said
that a steady white LED light rendered the best results for
crab and lobster fishing. He also stressed that these lights
merely enhanced your fishing results, but they could not
work alone. They still needed the use of fish bait as he held
a small blinking SeaTrace sphere in his hands. The SeaTrace
3000 sphere hasa 96 mm (3.78 inches) diameter that can take
about 1000 charges overits lifespan. Each charge renders 10
days of constant run time. That works out to about a 20 year
useful lifespan for this tough product. There's no question
that tough means no battery change outs, no seal changes,
and no maintenance with aremarkable depth ratingandlong
run time. As to which light color attracts which species of fish
isamuch larger question.

The best color for your fishing is something that you your-
self are going to have to either find out through studies or
through experience. Maybe CEQ Friedrich Trobolowitsch can
help you out there too. He cited a St. John's University study
to back his claims. No matter how you find that out, itis inter-
esting to know that some fish like some colors while others
do not. That simple fact can also be used to create another
fishing advantage. Placing the right colored lights inside
of a pot, trap, or trawl can help attract your desired catch.
Placing different colored lights at the exits or escape zones of
those fishing devices can help eliminate bycatch. How much
bycatch can be eliminated using LED lights? A study made
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by Bangor University of Wales, UK found that up to 47% of
bycatch can be eliminated using this good light / bad light
method depending upon the species.

These small yet robust underwater LED spheres have been
proven to work well to both enhance your catch as well as
help eliminate your bycatch. Since there are many factors
involved with your specific fishing needs, | recommend
that you start off with Seaangel’s, SeaTrace 3000 Pro Set.
That way you can experiment by changing the colors of the
spheres depending upon your fishing needs. You get the
charger, magnetic keys, and some extras in the set. You also
get 5 spheres at a reduced price rather than buying them
one at a time. The cost is €780 ($812) plus shipping. I'm sure
that Seaangel also has a lot of data results saved up to save
you a lot of that experimental time. So, underwater colored
LED fishing lights do work well toward attracting fish, and
SeaTrace lights work the best.

Capt. Marc Deglinnocenti has sea time on various types of vessels
dating back to 1974. Those vessels included conventional and tractor
tugs, sailboats, ferryboats, water taxis, training ships, warships,
cargo barges, containerships, near coastal passenger vessels,
paddlewheels, and research vessels to name a few. He wasin the U.S.
Merchant Marine for 33 years, 25 of which as a master mariner. He
was also a designated qualified engineer and held many individual
certifications and positions on ships such as QMED, able bodied
seaman (lifeboatman along with the AB), unlimited radar observer,
shipboard firefighting, and assistance towing endorsement. He
served as an engineering officer, deck officer, commissary officer,
and he even was a California State credentialed maritime teacher.
He has experience piloting USVs and ROVs.
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MARCH 28-30, 2023 | LONDON, UK
MILLENIUM GLOUCESTER HOTEL | MCEDD.COM

Hear from major operators:

T  ExonMobil

TotalEnergies

MCE Deepwater Development is the only event dedicated to the technical
opportunities and challenges facing deepwater operators. With global
attendance from leading IOCs, NOCs and Independents, MCEDD is the
venue to present your deepwater solutions.

THE TECHNICAL PROGRAM FEATURES SESSIONS
SPANNING MULTIPLE CATEGORIES, INCLUDING:

What are the Enablers to FID Energy Transition, Energy Mix &

Pipelines, Flowlines and Risers sladillyel =l

Subsea Technologies Floating Systems Technology
Subsurface, Well & Drilling
Technology & Assets Life of Field

Marine Construction

Technologies Health, Safety & Environment

For sponsor information For general information
Bo Howard at Sara Wilkins at
Bo.Howard@GulfEnergyinfo.com Sara.Wilkins@GulfEnergyinfo.com
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GLOBAL
SPEAKERS OFFSHORE WIND

14-15 June 2023
ExCel London

The largest dedicated offshore
wind event in the UK is returning
to London. Don’t miss 6 streams
of content, 250+ expert speakers,

#RUKGOW23 180+ exhibitors and so much more!



https://events.renewableuk.com/gow23
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UNDERWATER
DISCOVERIES

Courtesy of subROV Underwater Discoveries

subROV: Underwater Discoveries is a submarine exploration game where you learn to operate an ROV (Remotely
Operated Vehicle) and embark on dives the world around. You will chart unknown regions, sample hydrothermal
vents, find shipwrecks, and study aquatic species along the water column. Plunge your submarine avatarinto the

water and enjoy the discoveries that come your way!

The game was developed by Jose Luis Gonzalez, an indie
developer who has spent the best part of the last two years
working on subROV: Underwater Discoveries, a deep-sea
exploration simulation game that lets players embark onrich
and immersive bottomless voyages.

subRQV is his rendition of the oceanographic live streams
that allow people to follow cutting edge dives in real time.
It's truly amazing to experience aspects like the undocking
procedure and hearing the gasps of scientists when they
come across a creature they've never seen before at 1250 m
depth. What Jose Luis wants with subROV is to recreate that
whole experience by putting players at the centre of it all,
right at the heart of the control panel of the submarine robot.

The gameis currently at an early access stage meaning that
new content is being added at a good pace, and it's very
satisfying to see new creatures come to life for the very first
time in the game. In fact, many of these creatures are being
featured in a video game for the first time ever.

And what has inspired Jose Luis in the first place? He was

awestruck by the vast, concealing nature of the sea. It attracted
him with a kind of fascination that he couldn't fully explain.
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Courtesy of subROV Underwater Discoveries

He has always been interested in games with an underwater
theme and he couldn't think of a setting that would align better
with both his personalinterests and professional development.
Jose Luis tells us that the game development was one of the
best experiences of his life: one day he would discuss inverse
kinematics (robotic arm control) with some of the best ROV
pilots, and next he would browse through stunning pictures
of corals or ask biologists about a particular species of fish. It's
been both enriching and fulfilling for him to see how excited
they all were to help and share their knowledge with him.

It's also worth to mention that both the Schmidt Ocean Institute
(SOl)and the Bermuda Institute of Ocean Technologies (BIOT) are
involved in the project and have been instrumental in the devel-
opment of the game. They've given Jose Luis support, endorse-
ment, and direct access to resources and experts he could rely
onwhen touching on specialized subjects. Whether if it was the
depth at which the Humboldt squid dwells during daytime, or
the classification of a deep-sea coral specimen, with their help
he has been able to make this game both unique and authentic.

o K

TOKELAU ASCENDING

Courtesy of subROV Underwater Discoveries

Courtesy of subROV Underwater-Discoveriﬁ - ® =
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Asthe game develops further, subROV has a great potential

for growth as a framework to recreate scientifically-sound,
entertaining dives, and to work with scientists and institu-
tions in the future to bring their work to the game.

Currently, the gameis available on PC, butit
is possible thatin the future a Linux version
could come outand consoles are not off the
cards either. So, if you ever wondered how
it feels to pilotan ROV then thisis the game
foryou! You can getinstantaccessand start
playing; get involved with this game as it
develops via the following link:

store.steampowered.com/app/1648760/
subROV__Underwater_Discoveries/

SubROV and Jose Luis Gonzalez are open to collaborations

and sponsorships of any kind; both from oceanographic
institutes and individuals interested in oceanrobotics.

s
_#Courtesy ofsubROV Underwater Discoveries
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limerick23. oceansconference org<

IRELAND 5th 8thJune
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marine tec hnology society

Start planning your next OCEANS!

Save the dates for OCEANS 2023, June 5-8 and join us in Limerick, Ireland.

The OCEANS conference is the flagship
event of the IEEE Oceanic Engineering
Society (OES) and the Marine Technology
Society (MTS). The event is recognized as
the premier forum for the international
marine community to meet and discuss
technical innovations and current trends in
the marine technology sector.

OCEANS brings together engineers, indus-
try practitioners, government officials,
public sector executives, researchers and
academics from all aspects of the oceanic
spectrum. The event will feature all
aspects of oceanic engineering, science
and technology. The conference theme is
"Blue Ocean Planet Earth".

Exhibitor
brochure

Enquiries to:
registrationOCEANS2023@ul.ie

limerick23.0ceansconference.org

/Key highlights:

~

« Over 500 professionally reviewed techni-
cal papers, including special focus theme
sessions.

« Plenary sessions with leaders from
industry, academia, and government.

- 60+ exhibitors showcasing the latest
innovations in products and services.

« A student poster session featuring
outstanding projects and other student
activities.

- Papers presented at the conference are
subsequently archived in the IEEE Xplore
online research database.

« Tutorials, workshops, demonstrations,
government listening sessions, social and
networking opportunities, field trips and
an attractive social programme.

- J

Registration open
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To become an exhibitor or sponsor please contact: sales@windeurope.org windeurope.org/annual2023


http://windeurope.org/annual2023

BUSINESS23

Southampton UK « 18-20 April

THE HANDS-ON OCEAN TECHNOLOGY
EXHIBITION AND TRAINING FORUM

Meet 360+ world leading
manufacturers and service providers

© Discover the latest marine
autonomous systems, survey tools
and biological and chemical sensors

© See equipment live with 180+ hours
of free training & demonstrations

© Navigate the year ahead and have
your questions answered at the free
conference

3 HUNDREDS TRANSFORM
DAYS | OF SOLUTIONS | YOUR BUSINESS

sty diversified Be at the forefrgnt e
of ground-breaking BT

In partnership with: Hosted by: iﬂﬂOVBtiOn FREE

'SM' @ Cenre > " oceanbusiness.com
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EMPOWERING
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R7 COMPACT OBSERVATION CLASS ROV

A perfect balance of power and portability

> Enhanced navigability and stability due to
high-performance embedded sensors
> Open frame design for easy payload integration

> Powerful, robust & easy to deploy
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https://www.exail.com/

