
Overview
NOAA’s Office of Ocean Exploration and Research (OER) conducts collaborative and systematic global ocean exploration 
with NOAA Ship Okeanos Explorer to provide lasting benefits for the nation’s environmental, economic, and societal needs. 
This model of exploring generates federal standards-based real, or near real-time, open-access data and deepwater 
environmental intelligence of priority ocean areas, habitats, biology, and processes. Exploration expeditions are planned 
collaboratively with input from partners and stakeholders and are executed to benefit NOAA, the broader scientific 
community, and general public. OER contributes to NOAA’s Next Generation Strategic Plan and the Five-Year Research 
and Development Plan. OER ocean exploration expeditions are designed to catalyze follow-on research and to meet 
management needs. 

The Okeanos Explorer is equipped with telepresence technology, which allows teams of scientists to guide expeditions 
from shore-based Exploration Command Centers, similar to NASA remote expeditions to other planets. Using 
telepresence technology, Internet-based collaboration tools, and a dedicated broadband satellite communications and 
data transmission system, data and information are quickly made widely available to scientists, educators, the media, and 
the general public. This allows for any number of interested scientists, marine resource managers, educators, students, 
and the general public to participate in expeditions in real-time, strengthening and engaging the community of ocean 
explorers. 

OER provides and maintains the mission systems onboard Okeanos Explorer and the Office of Marine and Aviation 
Operations provides and maintains ship systems and personnel.

This document provides detailed information on the mission operating principles, capabilities, and systems of NOAA Ship 
Okeanos Explorer. 
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Exploration Operating Principles and Concept of Operations
The Okeanos Explorer model of exploration was developed with extensive input from the oceanographic community 
through workshops with NOAA and external partners. These discussions produced exploration operating principles and a 
concept of operations. 

Core Operating Principles:
•  Systematically explore unknown and poorly 

known areas identified by NOAA, other federal 
and state agencies, and the broader exploration 
and research community

•  Conduct interdisciplinary expeditions that 
engage scientists on behalf of the community

•  Collect and process standardized, high-
quality data and information and make it 
publicly available in as real or near real-time 
as is possible to meet immediate scientific 
and management requirements; all data are 
managed under NOAA’s Public Access to 
Research Results (PARR) plan

•  Use platform and systems to utilize, test, and 
advance new exploration systems, sensors, 
and methods

•  Provide onshore and onboard opportunities for 
public engagement and training for the next 
generation of explorers

Concept of Operations:
•	 Reconnaissance — (1) search unknown areas for anomalies and initiate site characterization; (2) maximize operations 

during transits through poorly known deepwater areas

•	 Site	Characterization — focus on specific poorly known targets with an aim to define the primary characteristics of the 
seafloor and water column including, but not limited to, seafloor morphology and processes, physical characteristics of 
the water column, and biodiversity

•	 Water	Column	Exploration — (1) advance capabilities to characterize water mass properties; (2) improve capabilities to 
search for anomalies

•	 Surveys	of	Opportunity — consider surveys of opportunity that add to the exploration mission; advance new exploration 
capabilities; or enhance the collection, preservation, and public distribution of data
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Core Capabilities
The Okeanos Explorer utilizes the following cutting-edge deepwater capabilities to explore and characterize unknown or 
poorly known areas, features, and phenomena from 500 to 6,000 meters deep. 

Mapping and Water Column 
Characterization Systems
The Okeanos Explorer is equipped with 
a 30 kHz Kongsberg EM 302 multibeam 
sonar; a 3.5 kHz Knudsen 3260 sub-
bottom profiler; two Teledyne Acoustic 
Doppler Current Profilers (ADCP) 
operating at 38 kHz and 300 kHz; and 
six Kongsberg EK-60 single-beam sonars 
operating at 18, 38, 70, 120, 200, and 
333 kHz. The multibeam sonar can 
be configured to continuously record 
seafloor bathymetry, seabed backscatter, 
and water column backscatter data. 
The water column backscatter from the 

EK-60s and the multibeam are highly effective at detecting anomalies in the water column. Multiple frequencies of EK 60 
enable better detection of water column targets at various scales, and have the potential to be used for fisheries species 
identification and discrimination. The sub-bottom profiler can penetrate the seafloor, and acoustic returns can be used 
to measure subsurface sediment layers. ADCP measurements are used to characterize current speeds and direction at 
various depths in the ocean. 

The multibeam is optimized for working in water depths of 500 to 6,000 
meters. The system can be operated in two modes – CW (continuous 
waveform) or FM (frequency modulated) mode. FM mode allows a larger 
swath to be mapped compared to traditional deepwater multibeam 
systems. In shallower water depths (less than 3,300 meters), the sonar 
also utilizes multi-ping technology (dual swath) where two pings are 
simultaneously sent into the water, thereby increasing the sounding data 
density.

Summary map products created with the processed acoustic data 
are generated on a daily basis and immediately made available for 
operational use to collaborating scientists on shore via the ship’s 
telepresence system. At the conclusion of each expedition, all 
collected raw sonar data and finalized summary map products, as 
well as associated metadata, are delivered to the National Center for 
Environmental Intelligence (http://www.ncei.noaa.gov), where they are 
archived and made available to the general public within 15 to 90 days.
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The Okeanos Explorer is equipped with a conductivity, temperature, and 
depth (CTD) rosette system for collecting oceanographic data and water 
samples. The Seabird Electronics (SBE) Model 9/11+ CTD is packaged in 
a 24 2.5L niskin bottles rosette frame with a seabird SBE-32 carousel. The 
SBE 9+ underwater unit is depth rated to 6,800 meters and possesses a 
dual conductivity and temperature sensor pair. This system has four ports 
available for up to eight auxiliary sensors. Additional sensors installed on 
the CTD include: altimeter, Light Scattering (LSS), Dissolved Oxygen (DO), 
and Oxygen Reduction Potential (ORP).

A Lockheed Martin Sippican MK-21 expendable bathythermograph (XBT) 
system with a portable hand-held launcher and a Teledyne Underway CTD 
are used for obtaining sound speed, temperature, and salinity profiles 
while underway. Sound speed profiles are used to account for refraction 
of the acoustic beams due to changes in water density with depth. In 
addition, XBT and Underway CTD data can provide valuable water column 
characterization data.

The onboard scientific seawater system (SSS) provides a continuous 
flow of water through the SBE 38 remote temperature probe and the SBE 
45 micro-thermosalinograph (TSG). This system provides temperature, 
conductivity, salinity, and sound velocity of the sea surface. Additional 
raw water connections in the wet lab for adding other sensors are also 
available.

Remotely Operated Vehicles 
(ROVs)
The Okeanos Explorer is equipped 
with OER’s dedicated, fully integrated, 
dual-body ROV system. The ROV Deep 
Discoverer (D2) was put into service in 
2013 and is capable of diving to 6000 
meters and has a 200-pound (in air) 
scientific payload for additional sensors. 
D2’s primary data set is high-definition 
video collected by six HD cameras. In 
addition to the HD video cameras, D2 
carries a Sea Bird 9/11+ CTD with a 
dissolved oxygen sensors. D2 has a 
unique lighting design with LED lights 
located on four swing arms that allow 
pilots to adjust the position and angle 
of the light for optimal imaging. In total, 
D2 brings 144,000 lumens of light to the 
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seafloor. The system is also capable of 
high-resolution ROV navigation using 
Doppler (DVL) bottom lock and PHINS 
inertial navigation. 

D2 is equipped with two manipulator 
arms: a seven-function hydraulic Shilling 
“Orion” and a Kraft Telerobotics Predator 
II manipulator arm. The Predator is 
considered one of the industry’s most 
capable and dexterous manipulators for 
specimen collecting, and is currently the 
only arm in its class with force-feedback 
capability. The Predator is outfitted 
with custom-built coral cutter jaws with 
intermeshing fingers to grasp rocks, 
tools, and rigging, and they also have a 
set of scissor-like blades and urethane 
grippers that can snip and clamp a 
delicate branch of coral. 

Frame extensions and sample storage volumes are located on the vehicle’s 
lower frame, outboard of the main camera’s field of view to ensure the 
ability to capture top-quality imagery.  For normal piloting and imaging, 
the sample drawer is retracted aft and the storage boxes are stowed 
outboard. During sample collections, the entire sample storage platform 
is extended forward into the camera’s view and within easy reach of the 
manipulators. D2 is currently equipped with four storage boxes: two semi-
open containers for stowing geological specimens or sampler/sensor 
deployments/recoveries and two sealed and insulated containers for 
storing biological specimens.

The second body of the system is the camera platform Seirios, which 
provides additional lighting and an “aerial” view while D2 investigates 
the seafloor. Seirios carries one HD camera, a Sea Bird 9/11+ CTD with a 
dissolved oxygen sensor, and 108,000 lumens of light. 

Limited sampling operations are conducted during Okeanos Explorer 
expeditions. The objective of these sampling operations is to maintain 
a balance between covering adequate distance during a dive, obtaining 
sufficient close-up imaging, and collecting limited samples in a minimally 
invasive way while recognizing the scientific need for physical and biologic 
sample collection. Samples collected are limited to those that meet 
expedition goals, are suspected new species or new records for the region, 
or are otherwise determined appropriate by the Science Team Lead. 
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Telepresence 
The Okeanos Explorer is the leading platform for collaborative 
telepresence-enabled exploration, enabling a shore-based team of 
scientists and students to fully engage in an ongoing expedition. 

Telepresence operations integrate years of development and investment 
in specialized protocols, hardened high-speed satellite networks, Internet-
based collaboration tools, broadcast industry standard video/audio 
management and product generation solutions, standards-based data 
management systems, terrestrial networks (Internet 2, shore-based 
servers), commodity Internet streaming, and web and social media 
interfaces. OER provides the expert staff to develop, maintain, and operate 
these systems, including shore-based systems at Exploration Command 
Centers (ECCs) and the University of Rhode Island’s Inner Space Center 
and the terrestrial and satellite links. 

The Okeanos Explorer model uses 
telepresence to engage a theoretically 
unlimited number of scientists and 
managers on shore in real-time, minute-
to-minute, collaborative decision 
making during mapping, CTD, and ROV 
operations. Simultaneously, thousands 
of general public viewers can tune in 
online to watch and listen to the ongoing 
exploration.

For More Information:  Craig.Russell@noaa.gov 206-526-4803
Online: http://oceanexplorer.noaa.gov/okeanos


