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BACKGROUND

2020-2021 Highlights

* Five robotic vehicles—one ROV, three
AUVs, and one ASV— were deployed
for more than 400 hours.

* 48,000 square kilometers of seafloor
was mapped.

¢ 375 hours of HD and 4K subsea video
was collected.

* One graduate student was fully
supported.

* 13 undergraduate and graduate
students were partially supported.

¢ OECI counted more than 2 million
views of its videos and 170 thousand
interactions with the public.

On the cover

Aboard Okeanos Explorer, Woods Hole Oceanographic
Institution tested the AUV Orpheus. Photo by Jessica Kaelblein.

Background

The Ocean Exploration Cooperative Institute (OECI) is an integrated
ocean exploration enterprise that leverages the unique and world-
class knowledge and expertise of its partner institutions and NOAA.
The OECI aims to advance ocean exploration through the concep-
tion and development of new vehicles, sensors and operational con-
cepts; the execution of field-based ocean exploration utilizing these
new technologies; enhancing the approaches and infrastructure to
the collection, analysis and delivery of ocean exploration data; and
by inspiring and training a new and more diverse generation of
ocean explorers. The following summarizes OECI Year Two activ-
ities in supplement to the complete annual report submitted to the
National Oceanic and Atmospheric Association (NOAA).

In the second year of existence, the OECI has solidified leadership,
both within itself and at NOAA. Adam Soule has been appointed

as executive director of the OECI. Soule replaces Interim director
Dwight Coleman, who resumes his role as director of the Inner
Space Center at the University of Rhode Island (URI). Soule has
spent the previous 17 years as a staff scientist at the Woods Hole
Oceanographic Institution (WHOI) conducting deep sea research on
submarine volcanic systems. Over the last seven years, Soule served
as the chief scientist for deep submergence at WHOI, providing
scientific leadership for the National Deep Submergence Facility
(NDSF) and for the community of ocean scientists who use the NDSF.
In addition, Jason Fahy has joined the OECI staff as project manag-
er. Jason comes from a 20 year career in the U.S. Navy, working
with autonomous underwater vehicles. Fahy brings tremendous field
and management experience to the OECI executive office.

At the University of Southern Mississippi (USM), Dr. Kelly Lucas has
taken over as principal investigator from Monty Graham. Lucas has
expertise managing a large research enterprise as vice president of
marine operations at USM. Dr. Leo Maccelloni has replaced Brian
Connon as USM’s representative to the OECl’s council of fellows.
Maccelloni has a background in geophysics and manages USM's
fleet of autonomous vehicles.

At NOAA, Dr. Alan Leonardi has departed as director of the Office
of Ocean Exploration (NOAA OE). Leonardi was central to the
development of the OECI, providing guidance on everything from
the structure of OECI management to the scientific directions that
best aligned with NOAA's objectives. His leadership will be missed,
but he is replaced by the highly capable Dr. Genene Fisher and

the excellent leadership team he has developed at NOAA OE. In
addition, Dr. Aurora Elmore has been appointed as project man-
ager for the OECI. Elmore transitioned from a position at National
Geographic where she managed expeditions and project develop-
ment including an expedition to Mt. Everest. Dr. EImore has brought
tremendous energy and communication skills to the role.

Since its inception in July 2019, significant spin-up has been required
to get the OECI up and running. In Year Two OECI was disrupted

Glossary

Commonly Used Acronyms

4K 4000-pixel video resolution (horizontal)
AUV Autonomous Underwater Vehicle
ASV  Autonomous Surface Vehidle
EEZ Exclusive Economic Zone
ROV Remotely Operated Vehicle

Organizations and Institutions

CCOM (enter for Coastal and Ocean Mapping
at UNH

NOAA National Oceanic and Atmospheric
Administration

OECI Ocean Exploration Cooperative Institute
OET Ocean Exploration Trust
UNH University of New Hampshire
URI University of Rhode Island
USM University of Southern Missippi
WHOI Woods Hole Oceanographic Institution

Vehicles and Vessels

C-Worker 4 ASV owned by CCOM at UNH
DriX ASV manufactured by iXBlue

Eagle Ray AUV manufactured by International
Submarine Engineering
Mola Mola AUV developed by WHOI and owned by USM

Nautilus Exploration vessel owned and operated
by OET

Okeanos

Explorer Exploration vessel owned by NOAA

Orpheus AUV developed by WHOI

Far left: The control van on board E/V Nautilus supports vehicle dives from the surface.
Left: Three AUVs are stowed after deployment and operation from the R/V Point Sur.

by the COVID-19 pandemic, which significantly limited at-sea
operations as well as laboratory work within the OECI and across
the academic community. As a result, many planned activities were
delayed, including technology demonstrations, internship programs
and exploration cruises. These startup and COVID-related delays,
along with some technical and logistical challenges, have resulted

in a significant excess of funds remaining from Year Two (and some
from Year One). As we emerge from the global pandemic, the OECI
is excited to have the resources at hand to execute the delayed proj-
ects alongside new Year Three projects to realize the vision of the
OECI. In doing so, we are committed to catching up on spending by
the end of Year Three.

Despite COVID-19, there was tremendous progress made in some
key areas. Highlights from Year Two include the delivery of the DriX
ASV to the University of New Hampshire (UNH), and overhaul of
USM AUVs Eagle Ray and Mola Mola. In addition, there were
successful demonstrations of the next-generation, lightweight and
low-cost Orpheus AUV on Okeanos Explorer, and in Bermuda, a
new class of midwater AUV, Mesobot. Several E/V Nautilus cruises
occurred, during which nearly 50,000 square kilometers of the U.S.
EEZ were mapped and 17 ROV dives for sampling and characteri-
zation of the seabed were conducted. In spite of COVID-19 person-
nel restrictions, these cruises were highly successful due to telepres-
ence, which enabled scientific expertise to participate entirely from
shore for some cruises.

Many Year-Two activities that were postponed will occur in the
coming months, fulfilling the Year-Two objective of operationalizing
new and improved tools that make up the stable of OECI vehicle
systems. This positions the OECI for a key Year-Three activity: to
increase ocean exploration capacity by developing operational
concepts for multi-vehicle, cooperative exploration, as well as tele-
presence that will move scientific, engineering, and operational
tasks to shore.

The OECI submitted an augmentation to its original proposal. The
resulting award raised the cap on funding to a total of $150 million
over five years (2021-2024). The augmentation proposal included
a number of exciting potential projects of interest to NOAA OE and
other NOAA line offices. Those projects include:
* Development of new vehicles, including a 6000-meter-rated AUV
* Focusing on capabilities of new vehicles, such as collaborative
networks for ASVs
* Sensor development, including those designed for in situ anal-
yses of rock chemistry for characterizing critical minerals, and
* Harnessing machine learning and cloud computing to more
efficiently process ocean exploration data.

Projects were also developed in collaboration with NOAA Fisheries
and National Marine Sanctuaries that would bring the considerable
expertise of the OECI to scientific objectives of these NOAA offices.
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Year Two of the OECI saw further development of several ocean
exploration tools. Construction of the DriX ASV was completed by
IXBlue. It will be commissioned and delivered in the coming months.
The DriX is an eight meter, wave-piercing ASV that has been shown
to be incredibly seaworthy and capable of collecting excellent
mapping data. The DriX is a critical piece of hardware for the OECI
as it will serve the dual purpose of expanding mapping capacity by
enabling concurrent multibeam sonar data collection by two vessels
(e.g., DriX and Nautilus). The DriX will also serve as a force multi-
plier in AUV operations by acting as a communications gateway for
over-the-horizon operations and cuing AUV behavior based on its
data collection. After delays in delivery due to COVID-19, the OECI
eagerly anticipates conducting sea trials and operationalizing this
asset in the coming months.

Updates and upgrades to USM’s AUVs Eagle Ray and Mola Mola
occurred in Year Two. Eagle Ray received a complete refresh of its
navigation and sensor package, which included a new inertial navi-
gation system, doppler velocimetry logger, and multibeam sonar with
water-column recording capabilities. The refreshed vehicle was tested
at the end of Year Two and demonstrated its new capabilities. Mola
Mola’s refreshed imaging package was delayed due to COVID-19.
This upgrade is expected to be completed in the coming months.

Orpheus, a new class of lightweight and low-cost AUV, is following
a development path toward full-ocean-depth operation. It was tested
onboard Okeanos Explorer in May, 2021. Orpheus and a second
vehicle, Eurydice (a carbon copy of Orpheus), were deployed

to depths of 866 meters, where they surveyed 30 kilometers of
trackline and collected 724 gigabytes of 4K video. For positioning,
Orpheus uses novel terrain-relative-navigation that was transitioned
to the vehicle by engineers from NASA JPL following successful
deployment on the Mars Perseverance Rover and companion drone.

Top: The Data Visualization Wall is a facility in the Center for Coastal and Ocean Mapping at the
University of New Hampshire. Left middle: The DriX ASV (in red) is deployed for testing. Left
bottom: The AUV Eagle Ray is prepped for deployment from the fantail of R/V Point Sur. Right:
E/V Nautilus with the ROV Hercules in tow.
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NA122: “Seafloor mapping of the Cascadia
Margin Deformation Front”

Between October 2 and 7 of 2020, seafloor mapping
of the Cascadia Margin deformation front occurred
from Astoria, Oregon to northern California. Priority
areas from the Expanding Pacific Research and Explo-
ration of Submerged Systems (EXPRESS) campaign
were provided by the U.S. Geological Survey (USGS)
to Ocean Exploration Trust (OET). To view the outreach
materials created during this expedition as well as the
participating team, visit the NA122 expedition page on
NautilusLive.org.

NA124: “Biodiversity Baselines and Bio-
pharmaceutical Potential for the Borderland”

A team of ecologists, microbiologists, zoologists and a
geologist explored the Southern California Borderland
(SCB) from October 27 to November 6, 2020. Goals
for this cruise were to collect samples and data needed
to generate baseline information describing faunal and
microbial community structure and biopharmaceutical
potential across two poorly explored, mineral-rich
ecosystems that are associated with phosphorites and
ferromanganese crusts in the SCB. To view the outreach
materials created during this expedition as well as the
participating team, visit the NA124 expedition page on
NautilusLive.org.

NA125: “Seabed Mapping to Support
the U.S. National Ocean Exploration and
Characterization in the U.S. West Coast EEZ”

The final expedition of Nautilus in 2020 was a map-
ping-only cruise that targeted gaps in NOAA’s U.S.
bathymetry coverage and gap analysis within the U.S.
EEZ. The primary mapping area was along the western
boundary of the EEZ, west of San Diego. To view the
outreach materials created during this expedition as
well as the participating team, visit the NA125 expedi-
tion page on Nautiluslive.org.

PS21-01: “AUV and ASV testing in the Gulf
of Mexico”

USM'’s AUV operations team tested the Eagle Ray,
Mola Mola, and C-Worker 4 with a new launch and
recovery system at Mountain Top Bank. The Eagle

Ray and Mola Mola were successfully launched and
recovered. The Mola Mola collected a 60 by 60 meter
photomosaic of the bank’s summit. The C-Worker 4
collected a partial bathymetric and seafloor backscatter
survey of Mountain Top Bank.




Media Coverage

OECI activities have been extensively covered in the popular press.
A list of coverage is included as part of the OECI Year Two metrics.

Notably, media attention to OECI has come in a variety of forms.
The recent technology demonstration of the Orpheus vehicle on the
Okeanos Explorer was covered by WIRED magazine, Forbes, and

Above: A routine aspect of every mission, ship’s personnel
assist with deployment and recovery of robotic vehicles.
Below: Ocean Exploration Trust's Megan Cook aboard
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The OECI education efforts have progressed despite
challenges posed by COVID.

* The Tuskegee University Ocean Club, established as
part of the USM-led Tuskegee Partnership program,
has met regularly online and hosted presentations
by OECI partners, including OET and URI. We look
forward to additional presentations with a focus on
ocean engineering in Year Three.

* The internship program has been initiated and the
first two Tuskegee University interns participated in a
research cruise on the R/V Point Sur and conducted
research at USM in June 2021.

¢ The OECI supported the graduate research of first-
year Ph.D. student Coralie Rodriguez (above, left)
with additional support from URI matching funds.
Coralie’s research is focused on detailed geochemical
analyses of ferromanganese crusts, collected by OET
(above, inset), and the important elements these
crusts hold. Coralie’s first results are coming in and
she is excited to participate in a research cruise in
December, 2021 to collect additional samples.

Above: Coralie Rodriguez, left, and professor Katherine Kelley, confer at the
Marine Geological Samples Laboratory on URI's Narragansett Bay Campus.

The OECI engagement program took important steps
toward its Year Two goals.

* A logo was developed to assist with branding. It
includes elements that speak to the global need for
Ocean Exploration across the entire water column
and the OEClIs mission to develop technology and
autonomy to increase the pace and efficiency of
exploration.

The OECI’s website (oeci.org) was developed and
launched to describe the mission of the OECI, the
partners and partnership, the extant and developing
ocean technologies, and pathways for involvement
in OECI activities for scientists, students and the
public. The OECI intends for this website to become
a clearinghouse for links to OECI data and to tell
amazing stories of OECI science and engineering
successes and of the people that make them possible.

The OECI shared its work with the broader public
through targeted professional development programs
for teachers produced in collaboration with NOAA
OE'’s education office. URI’s Inner Space Center
brought a new level of professional production to
these events that has made them both more engaging
and effective.

E/V Nautilus speaks with a high school class visiting the
Univeristy of Rhode Island’s Inner Space Center.

Space.com. An OECl-sponsored engineer participated in a Twitch
live stream, which was viewed by thousands of members of the pub-
lic, as it coincided with the release of a video game, SubNautica.

Partner News and Notes

OECI Council of Fellows Chair, Allison Fundis, was selected as a
National Geographic Emerging Explorer. This honor was awarded
to “15 individuals conducting innovative work focused on a range
of topics such as inventing space technologies, ocean exploration,
understanding the past through archaeology and anthropology,
species conservation, storytelling, and elevating young voices for
the future of education.”

Adding to his many accolades, OECI executive committee member
and co-principal investigator Dr. Larry Mayer of UNH was elect-
ed as a foreign member of the Royal Swedish Academy of Sciences.

OECI executive committee member and co-principal investigator Dr.
Robert Ballard of URI published his memoir, Info the Deep, which
is the number one new release in “Nature > Oceans” on Amazon.
com. The publication has garnered significant media attention.

OET partnered with Global Multi-Resolution Topography (GMRT)
to pilot a workflow to speed integration of new mapping data into
global compilations. GMRT tiling tools were adapted to use
onboard during expeditions and were integrated into standard
operating procedures. The workflow of submitting mapping data
was improved and a testbed for tools that can benefit the broader
seabed mapping community was provided. The goal is to ensure
consistent quality of processed multibeam data, and to accelerate
the production of high-quality integrated data products. Results were
reported at the 2020 American Geophysical Union fall conference
by Ferrini, et al.
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Peer-Reviewed Publications

OECl-affiliated researchers have published dozens of articles related to OECI activities in Year Two.
A partial list is provided below, additional publications will be listed on the OECI website.
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