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The R/V Falkor team dove on “Rosebud,” a whale fall 
that was placed by researchers off San Diego, California, 
in La  Jolla Canyon. Researchers noted changes in 
composition and life forms around the location in 
a beautiful, exciting dive investigating ecosystems 
unique to whale falls. Image credit: SOI

FRONT COVER
A high-density habitat consisting of deep-sea sponge, coral, 
and squat lobsters on a previously unmapped and unex-
plored seamount in Papahānaumokuākea Marine National 
Monument. The photo was taken during E/V Nautilus cruise 
NA101. Image credit: D. Fornari (WHOI-MISO Facility) and OET
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It Takes a Village! 
 Managing Data from Okeanos Explorer
By Barry Eakins, Susan Gottfried, Patrick Murphy, David Lovalvo, and Derek Sowers

NOAA Ship Okeanos Explorer is a telepresence-enabled 
exploration vessel managed by NOAA’s Office of Marine and 
Aviation Operations with mission equipment operated by 
NOAA’s Office of Ocean Exploration and Research, in part-
nership with the Global Foundation for Ocean Exploration. 
Its purpose is to explore and map the world’s marine envi-
ronment. The vessel collects multibeam swath bathymetry, 
water column acoustics, and subbottom profiles, as well as 
meteorological data. It also deploys ROV Deep Discoverer 
and camera sled Seirios, capable of collecting along-track 
high-resolution video, oceanographic measurements, and 
biological and geological samples from the seafloor, as well 
as water samples. These complex operations are managed 
and operated by a successful partnership, founded on trust 
and collegiality, that shows that it really does take a village 
to achieve data management goals.

In 2018, NOAA’s Office of Marine and Aviation Operations 
(OMAO) took over management of data from the ship’s 
suite of passive environmental sensors, while the Global 
Foundation for Ocean Exploration (GFOE) installed a sep-
arate network and antenna aboard the ship to transmit 
submersible and mapping data to shoreside repositories 

for near-real-time data sharing. The OER mapping team 
pioneered “telemapping” workflows to enable near-real-
time processing of bathymetric data from its shoreside 
facility at the University of New Hampshire (UNH). NOAA’s 
National Centers for Environmental Information (NCEI) has 
been working to standardize data ingestion and access 
systems to better support data reuse.

MANAGING THE DATA
Data management is a complex end-to-end process. It 
requires thoughtful planning before the ship ever leaves 
the dock, careful monitoring of data streams during col-
lection, and lossless transmission to partners, along with 
manifest checks, to ensure data fidelity. It also includes 
capturing of descriptive metadata, processing of data, and 
building of products, as well as public discovery and access 
to enable reuse. The goals are to preserve the data for 
future generations and maximize their value to the nation. 

OER conducts all scientific and mission planning, OMAO 
provides and maintains ship systems and personnel, and 
GFOE engineers operate the two-body submersible sys-
tem. The UNH mapping team operates the state-of-the-art 
multibeam survey system, post-processes the data, and 
builds bathymetric products. NCEI performs long-term 
data stewardship and provides public discoverability and 
access to all data and products. Data management for 
Okeanos Explorer is a coordinated and collaborative effort 
between OER, OMAO, GFOE, UNH, and NCEI that has proven 
enormously successful. 

OER’s data management team 
member Megan Cromwell act-
ing as a Sample Data Manager 
aboard Okeanos Explorer. 

ROV Deep Discoverer goes into the water 
to explore deep-sea habitats off Puerto 
Rico on November 13, 2018. 
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NOAA’s Office of Ocean Exploration and Research 
OER works with partners to explore the ocean and to make 
discoveries of scientific, economic, and cultural value; sup-
port innovations in exploration tools and capabilities; and 
encourage the next generation of ocean explorers, scien-
tists, and engineers to pursue careers in ocean exploration 
and related fields. It leads all aspects of Okeanos Explorer 
cruise planning, including setting of scientific goals, devel-
oping detailed mission plans, and overseeing data col-
lection and management activities. It develops the ship’s 
schedule, ensures adequate at-sea staffing, and organizes 
and hosts port events. OER provides funding to its partners 
and external research scientists/principal investigators. It 
also leads efforts to advance marine science and technolo-
gies, and conducts extensive media outreach activities.

10 YEARS OF DATA

Over the last 10 years, NOAA Ship Okeanos Explorer has 
conducted 99 surveys, ranging from the Atlantic Ocean 
to the far western Pacific. These cruises collected 2 TB of 
multibeam swath bathymetry (1.79 million square kilo-
meters), 7 TB of multifrequency water column acoustics, 
and 209 TB of high-resolution ROV seafloor video, including 
footage from 2,207 hours on bottom. Since 2015, ROV Deep 
Discoverer has collected 480 primary biologic specimens 
and 321 primary geologic samples from which 714 asso-
ciated biological specimens and 36 associated geological 
samples—attached to primary biological specimens—
were also separated and catalogued. Annual Okeanos Explorer data volumes, excluding ROV video. 

Annual Okeanos Explorer 
video volumes. 

NOAA’s Office of Marine and Aviation Operations
OMAO, in conjunction with OER, NCEI, and the Currents 
Group at the University of Hawai‘i, manages assorted instru-
ments aboard Okeanos Explorer. In 2018, environmental 
data from the suite of shipboard passive environmental 
sensors were taken over by OMAO, due to a change in net-
work configuration and OMAO’s intention to align its data 
management procedures across the entire fleet of large 
research vessels it oversees. OER has access to the raw data 
while they are being managed in accordance with OMAO’s 
data management procedures. The acoustic Doppler cur-
rent profiler (ADCP) aboard Okeanos Explorer is managed 
under an OMAO contract with the University of Hawai‘i Data 
Acquisition System (UHDAS). This partnership provides daily 
remote monitoring by automated email to ensure readiness 
and functionality. Instruments supporting the ADCP, such as 
the POS MV (which provides ship’s positioning and orienta-
tion), the ship’s gyrocompass, and GPS, are also monitored 
by automated emails. These supporting instrument- status 
emails, coupled with regular communication between 
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UHDAS, OMAO, and GFOE, help quality control larger 
instrument suites such as multibeams and ROVs. OMAO and 
NCEI, with input from OER, recently began work on robust 
procedures that restrict data access when mission partners 
want to protect sensitive locations, for example, for archae-
ological or national security purposes.

Global Foundation for Ocean Exploration
GFOE, through a grant from OER, is responsible for 
designing, building, operating, and maintaining all deep 
submergence assets aboard Okeanos Explorer. GFOE also 
trains engineers, collects and manages all data from ROV-
mounted sensors, handles all VSAT (very small aperature 
terminal) operations, including the securing of high-speed 
bandwidth for webcast telepresence, and creates all sum-
mary and long-form video products. Additionally, GFOE 
handles all scientific sampling (biologic, geologic, and 
water), is responsible for navigation of the vehicles while 
underwater, and prepares all data collected for NCEI to 
archive. Communication and transmission of data from 
ship to shore occurs through the newly developed, stand-
alone GFOE science network.

UNH Center for Coastal and Ocean Mapping
OER’s mapping team, in coordination with the ship’s Senior 
Survey Technician and ship’s command, lead all ocean 
mapping activities conducted by Okeanos Explorer. The 
mapping team is primarily based at the UNH Center for 
Coastal and Ocean Mapping/Joint Hydrographic Center. 
The team is responsible for planning and running mapping 
operations, data acquisition and processing, overseeing 
sonar calibration operations and maintenance, providing 
high-quality products to meet OER operational and science 

VIDEO ANNOTATION 
INNOVATIONS

Thematic metadata in the form of video 
annotations are critical for successful search 
and discovery of archived video. Through 
a collaborative telepresence environment, 
scientists from across the world participate 
in real time in ROV dives. Their voice com-
mentary and written observations form the 
keyword annotations for video recorded 
during Okeanos Explorer ROV missions. To improve the 
consistency, ease, and accuracy of these annotations, 
OER and NCEI initiated a collaboration with Ocean 
Networks Canada (ONC) to adapt its video browsing 
and annotation tools to OER’s unique needs. Adaptions 
include implementation of a web-based annotation 
entry interface, the use of standardized taxonomy 
based on the World Register of Marine Species for 
annotation entry, and the ability to create and edit 
annotations after the expeditions. NCEI harvests 
these annotations and assigns them to five-  minute 
video sections archived in the OER video portal. The 
timestamps of the video segments are then used to 
assign the keywords that fall within that timeframe. 
Improvements in ROV video annotations have resulted 
in a 400% increase in keyword assignments for video 
segments, enabling video data users to search and 
discover OER video more efficiently and reliably. For 
more information about the OER video portal and 
ONC annotation system visit: https://www.nodc.noaa.
gov/oer/video/ and http://dmas.uvic.ca/SeaTube.

Screen capture of ROV Deep Discoverer live webcast via telepres-
ence off Necker Island, Hawai‘i. Image credit: NOAA NCEI
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Screen capture of updated OER Digital Atlas (https://www.ncddc.noaa.gov/
website/google_maps/OE/mapsOE.htm), used by NCEI for public discovery of 
and access to OER data. Bright colors indicate seafloor mapped by NOAA Ship 
Okeanos Explorer. Image credit: NOAA NCEI

needs, and working closely with NCEI to archive all mapping 
data within 90 days after completion of mapping expedi-
tions. Since 2017, the mapping team has been developing 
“telemapping” workflows for real-time data acquisition from 
shore and near-real-time processing of bathymetric data at 
its shoreside facility, often involving students through the 
OER Explorer-in-Training program. In addition to provid-
ing extended training opportunities to students who are 
not able to spend time at sea, telemapping has created 
value-added mapping products, such as bathymetric ter-
rain models, seafloor backscatter maps, seafloor geology 
profiles, and GIS maps, all of which are difficult to produce 
quickly with limited ship-based mapping personnel. 

NOAA’s National Centers for Environmental 
Information 
NCEI is responsible for public discoverability and access 
to OER data, as well as long-term data stewardship— 
ingestion, description, archive, and maintenance. It also 
helps develop data management plans and provides at-sea 
data collection support, as needed. For public access, NCEI 
has built OER-specific data discovery tools. The OER Digital 
Atlas is a one-stop map-based interface that provides links 
to data and information. The OER Video Portal provides 
keyword-enabled search and discovery for video. NCEI 
also hosts and maintains the Benthic Animal Guide, which 
provides images of marine animals encountered during 
ROV missions, and the Sampling Operations Database 
Application, which contains information on seafloor 
samples stored at physical repositories—Smithsonian 
Institution for biological and water samples, and the 
Marine Geology Repository at Oregon State University for 
geological samples. 

COLLABORATION
Collaboration is the act of two or more parties, or organiza-
tions, working together to achieve something meaningful. 
It requires teamwork, trust, compromise, respect, reliability, 
unique perspectives and ideas, and effective communica-
tion. For the Okeanos Explorer data management endeavor, 
collaboration includes documenting and continually updat-
ing standard operating procedures (especially lossless data 
transmission), assessing data quality at numerous points 
along the way, and frequent, friendly communication. This 
communication is typically in the form of emails, telecons, 
and webinars, and annual, face-to-face, end-of-field- 
season meetings called “hotwashes.” Data liaisons (points 
of contact) have been identified to help facilitate good 
communication between groups. OER shares data quality 
control scripts with OMAO for incorporation into the next 
version of its data aggregation software called Scientific 
Computing System. OER, NCEI, and OMAO participate in 
the annual NOAA to NOAA (N2N) workshop to exchange 
ideas, set milestones, and strengthen partnerships within 
the organization. Shared Google Sheets are also used to 
collaborate on the input, tracking, and visualization of 
important data metrics. Through 10 years of collaboration, 
this successful partnership has explored the ocean floor 
around the globe, and collected and shared tremendous 
volumes of data and information that have furthered our 
scientific understanding of the deep-sea realm.

OER’s data management team member Lauren 
Jackson acting as a Sample Data Manager aboard 
Okeanos Explorer. 

https://www.ncddc.noaa.gov/website/google_maps/OE/mapsOE.htm
https://www.ncddc.noaa.gov/website/google_maps/OE/mapsOE.htm
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