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Executive Summary

he NOAA-UNH Joint Hydrographic Center (JHC/CCOM) was founded twenty-four years ago with

the objective of developing tools and offering training that would help NOAA and others meet the

challenges posed by the rapid transition from from the sparse measurements of depth offered by tradi-

tional sounding techniques (lead lines and single-beam echo sounders) to the massive amounts of data
collected by the new generation of multibeam echo sounders. Over the years, the focus of research at the Center
has expanded and now encompasses a broad range of ocean mapping technologies and applications, but at its
roots, the Center continues to serve NOAA and the nation through the development of tools and approaches
that support safe navigation, increase the efficiency and effectiveness of coastal and ocean mapping and survey-
ing, offer a range of value-added ocean mapping products, and ensure that new generations of hydrographers
and ocean mappers receive state-of-the-art training.

An initial goal of the Center was to find ways to process the massive amounts of data generated by multibeam
and sidescan sonar systems at rates commensurate with data collection; that is, to make the data ready for chart
production as rapidly as the data were collected. We have made great progress over the years in attaining, and
now far surpassing this goal, and while we continue our efforts on data processing in support of safe navigation,
our attention has also turned to the opportunities provided by this huge flow of information to create a wide
range of information and products that meet needs beyond safe navigation as well as meet the goals of the
National Ocean Mapping Exploration and Characterization Strategy (e.g., marine habitat assessments, gas seep
detection, fisheries management, disaster mitigation, and national security). Our approach to extracting “value
added” from data collected in support of safe navigation was formalized with the enactment on the 30th of March
2009 of the Ocean and Coastal Mapping Integration Act. In 2010 the concept of IOCM was clearly demonstrated
when we were able to quickly and successfully apply tools and techniques developed for hydrographic and fisher-
ies applications to the Deepwater Horizon oil spill crisis.

In the time since our establishment, we have built a vibrant Center with an international reputation as the place,
“where the cutting edge of hydrography is now located,” (Adam Kerr, Past Director of the International Hydro-
graphic Organization in Hydro International). In the words of Pat Sanders, then President of HYPACK Inc., a
leading provider of hydrographic software to governments and the private sector,

JHC/CCOM has been THE WORLD LEADER in developing new processing techniques for
hydrographic data. JHC/CCOM has also shown that they can quickly push new developments
out into the marketplace, making both government and private survey projects more efficient
and cost effective.

Since our inception, we have worked on the development of automated and statistically robust approaches to
multibeam sonar data processing. These efforts came to fruition when our automated processing algorithm
(CUBE) and our new database approach (The Navigation Surface, the theoretical basis of the National Bathymetry
Source project at NOAA), were, after careful verification and evaluation, accepted by NOAA, the Naval Oceano-
graphic Office, and many other hydrographic agencies, as part of their standard processing protocols. Today,
almost every hydrographic software manufacturer has incorporated these approaches into their products. It is
not an overstatement to say that these techniques have revolutionized the way NOAA and others in the ocean
mapping community do hydrography. These new techniques can reduce data processing time by a factor of 30
to 70 and provide a quantification of uncertainty that had never previously been achievable in hydrographic data.
The result has been: “gained efficiency, reduced costs, improved data quality and consistency, and the ability to
put products in the hands of our customers faster.” (Capt. Roger Parsons, former NOAA IOCM Coordinator and
Director of NOAA's Office of Coast Survey).

The acceptance of CUBE and the Navigation Surface represented a paradigm shift for the hydrographic commu-
nity—from dealing with individual soundings (reasonable in a world of lead line and single-beam sonar measure-
ments) to the acceptance of gridded depth estimates (with associated uncertainty values) as a starting point for
hydrographic products. The use of gridded bathymetry is fundamental to the National Bathymetric Source, the
BAG file format (also supported since inception from the Center), S-102 (based on the BAG file format), NOAA's
Precision Navigation project, and the next generation of S-100 products now being generated by NOAA Marine
Chart Division for IMO carriage requirements starting (optionally) in 2026. The research needed to support this
paradigm shift has been a focus of the Center since its inception and to now see it accepted is truly rewarding.
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It is also indicative of the role that the Center has played and will continue to play, in establishing new directions
in hydrography and ocean mapping. The second generation of CUBE, CHRT (CUBE with Hierarchical Resolution
Techniques) which supports variable resolution grids, has been introduced to the hydrographic community and
the innovative approach that CUBE and CHRT offer are now being applied to high-density topobathy lidar data,
incorporating new concepts of machine learning/artificial intelligence, and preparing for cloud-based deploy-
ment.

Another long-term theme of our research efforts has been our desire to extract information beyond depth (bathy-
metry) from the mapping systems used by NOAA and others. We developed a simple-to-use tool (GeoCoder)
that generates a sidescan-sonar or backscatter “mosaic,” a critical first step in the analysis of seafloor character.
NOAA and many of our industrial partners have now incorporated GeoCoder into their software products. Like
CUBE's role in bathymetric processing, GeoCoder has become the standard approach to backscatter processing.
An email from a member of the Biogeography Branch of NOAA's Center for Coastal Monitoring and Assessment
said,

We are so pleased with GeoCoder! We jumped in with both feet and made some impressive
mosaics. Thanks so much for all the support.

While GeoCoder is focused on creating backscatter mosaics, BRESS (Bathymetry- and Reflectivity-based Estima-
tor of Seafloor Segments) provides tools for the segmentation and analysis of co-located bathymetry and back-
scatter, dividing the seafloor into a limited number of contiguous areas of similar morphology (land- or geoforms)
and backscatter. This tool has found broad application in NOAA and others interested in defining seafloor
habitat. BRESS is one of many tools developed at the Center that now form part of HydrOffice—an open-source
collaborative effort led by the Center, in collaboration with NOAA, to develop a research software environment
with applications to facilitate all phases of the ping-to-chart process. The environment facilitates the creation of
new tools for researchers, students, and for those in the field; and can speed up both algorithm testing and the
transfer from Research-to-Operation (R20). Many of these tools are in daily use by NOAA field units, as well as
scientists and researchers world-wide.

Beyond GeoCoder, BRESS and the other HydrOffice tools, our efforts to support the IOCM concept of "map
once, use many times" are also coming to fruition. Software developed by Center researchers has been installed
on several NOAA fisheries vessels equipped with Simrad ME70 fisheries multibeam echo sounders. These sonars
were originally designed for mapping pelagic fish schools but, using our software, the sonars are now being used
for multiple seabed mapping purposes. For example, data collected on the NOAA Ship Oscar Dyson during an
acoustic-trawl survey for walleye pollock was opportunistically processed for seabed characterization in support of
essential fish habitat (EFH) and also in support of safety of navigation, including submission for charts and identi-
fication of a Danger to Navigation. Seafloor mapping data from the ME70 was used by fisheries scientists to iden-
tify optimal sites for fish-traps during a red snapper survey. Scientists on board the ship said that the seafloor data
provided by Center software were "invaluable in helping accomplish our trapping objectives on this trip." These
tools are now being transitioned to our industrial partners so that fully supported commercial-grade versions of
the software are available to NOAA. All of these examples (CUBE, GeoCoder, HydrOffice, and our fisheries sonar
tools) are tangible examples of our (and NOAA's) goal of bringing our research efforts to operational practice
(Research to Operations—R20).

Ed Saade, while President of Fugro (USA) Inc., said in a statement for the record to the House Transportation
and Infrastructure Subcommittee on Coast Guard and Maritime Transportation and Water Resources and
Environment’,

...R&D/Innovation initiatives at UNH CCOM JHC, have combined to be the leading technologies
creators, developing Multibeam Echo Sounder (MBES) and related applications and improve-
ments that have ultimately been adopted and applied, and which have extensively benefitted
industry applications. Since the early 2000s, a small sampling list of such applications includes

"Hearing on Federal Maritime Navigation Programs: Interagency Cooperation and Technological Change 19 September 2016. Fugro is the
world's largest survey company with more than 11,000 employees worldwide.
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TrueHeave ™, MBES Snippets, and Geocoder. This small sampling of applications integrated, into
various seabed mapping industries in the United States alone, directly benefits more than $200
million of mapping services annually.

The tools and products of the Center were also called upon to help with an international disaster—the mysteri-
ous loss of Air Malaysia Flight MH370. As part of our Nippon Foundation/GEBCO Bathymetric Training Program
researchers and students in the Center had compiled all available bathymetric data from the Indian Ocean. When
MH370 was lost, the Government of Australia and several major media outlets came to the Center for the best
available representations of the seafloor in the vicinity of the crash. The data we provided were used during the
search and were displayed both on TV and in print media.

In the last decade, a new generation of multibeam sonars has been developed (in part, an outgrowth of research
done at the Center) with the capability of mapping targets in the water-column as well as the seafloor. We have
been developing visualization tools that allow this water-column data to be viewed in 3D in real-time. Although
the ability to map 3D targets in a wide swath around a survey vessel has obvious applications in terms of fisheries
targets (and we are working with fisheries scientists to exploit these capabilities), it also allows careful identifica-
tion of shallow hazards in the water column and may obviate the need for wire sweeps or diver examinations to
verify least depths in hydrographic surveys. These water-column mapping tools were a key component to our
efforts to map submerged oil and gas seeps and monitor the integrity of the Macondo 252 wellhead as part of
the national response to the Deepwater Horizon oil spill. The Center's seep-mapping efforts continue to be of
national and international interest as we begin to use them to help quantify the flux of methane into the ocean
and atmosphere. The initial water-column studies funded by this grant have led to many new opportunities
including follow-up work funded by the National Science Foundation, the Office of Naval Research, the Depart-
ment of Energy, and the Sloan Foundation.

The tools and techniques that we had to quickly develop to find oil and gas in the water column during the Deep-
water Horizon disaster have led to important spinoffs in the industrial sector. Again, citing Ed Saade’s statement
for the record to the House Transportation and Infrastructure Subcommittees,

More recently, the most significant ground-breaking technology discovery is based on the com-
bination of MBES bathymetry, backscatter, and water column collection/detection applications.
Initial applications were for a variety of reasons and disciplines, mostly scientific in nature as

led by UNH CCOM JHC. These capabilities were quickly recognized by industry experts as new
technologies with a variety of applications in the ocean mapping industry, including fisheries,
aggregate materials surveys, various engineering design studies, and oil and gas exploration
applications.

An initial cost-benefit analysis of the impact in just the oil and gas exploration industry yields the
following findings:

e Detection of Seabed Seeps of Hydrocarbons: During the past decade, the utilization of
MBES for bathymetry, backscatter, and water column mapping has been directly applied to
the detection, precise location, and analysis of seabed gas and oil seeps, mostly in deep
water hydrocarbon basins and frontier areas. This scientific application of the methods
discovered and perfected under the leadership of NOAA NOS OCS and the CCOM/JHC
has been embraced and applied by companies and projects in the United States specifically
to aid in the successful exploration and development of oil and gas reserves in water depths
exceeding 10,000 feet. These studies provide a service to find seeps, evaluate the seeps
chemistry, and determine if the seeps are associated with significant reservoir potential in the
area of interest. This information is especially useful as a means to “de-risk” the wildcat well
approach and ensure a greater possibility of success. It should be noted that many of the early
terrestrial fields used oil seeps and geochemistry to help find the commercial payoffs. This
was the original method of finding oil globally in the first half of the 20th century onshore and
along the coastline. Estimates run into the millions of barrels (billions of dollars) of oil directly
related to, and confirmed by, the modern MBES based seep hunting methodology.
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e |tis estimated that the current USA-based annual revenue directly related to operating this
mapping technology is $70 million per year. Note that this high level of activity continues
today, despite the current extreme downturn in the offshore oil and gas industry. The seeps-
related industry is expected to grow at an annualized rate of 25% per year. Globally, this
value projects to be nearly double, or approximately $130 million per year.

Our ability to image targets in the water column has now gone beyond mapping fish and gas seeps. Over the
past few years, we have demonstrated the ability of both multibeam and broadband single beam echo-sound-
ers to image fine-scale oceanographic structure including thermohaline steps (an indicator of the process of
mixing between two water masses with different properties and an important mechanism of heat transfer in the
ocean), internal waves, turbulence, and the depth of the mixed layer (the thermocline). Recently, our water col-
umn imaging tools have been able to map the depth of the oxygen minimum in the Baltic Sea. This opening of
a new world of “acoustic oceanography” with its ability to map ocean structure over long-distance from a vessel
while underway, has important ramifications for our ability to understand and model processes of heat transfer
in the ocean as well as our understanding of the impact of the water column structure on seafloor mapping.

As the capabilities of our sonars and processing tools evolve, we are also looking at approaches to collecting
data that will decrease costs, increase efficiency, increase offshore safety and lower carbon footprints. Fore-
most among these is the use of “autonomous” or “uncrewed” surface vehicles (ASVs or USVs) as platforms for
collecting mapping and other data. The Center has become a global leader in the evaluation of innovative uses
of USVs in support of seafloor and water column mapping data as well as in a broad range of ocean exploration
operations. We currently own and operate several USVs and work closely with our industrial partners to develop
new USV-related approaches, tools, and applications and with NOAA as they expand their own USV capabili-
ties. The Center’s success in this area has recently been recognized with the establishment by Exail Technolo-
gies, a major international manufacturer of USVs, of the Exail-UNH Maritime Autonomy Innovation Hub in
Durham, NH. (Figure ES-1).

We are looking closely at the capabilities and limitations of other sensors that might provide efficient means
of collecting bathymetric data like airborne laser bathymetry (lidar), satellite-derived bathymetry (SDB) and the

Figure ES-1. Larry Mayer, Director of the UNH Center For Coastal and Ocean Mapping; Maggie Hassan, U.S. Senator;
Marine Slingue, Exail President for North America Civil and Space; Nicole Leboeuf, NOAA Assistant Administrator
for the National Ocean Service; James Dean, UNH President; Sebastien Grall, Exail Director of Maritime Autonomy,
stand in front of the DriX USV at the UNH Judd Gregg Marine Research Complex in New Castle, NH during the
announcement of the opening of the Exail Maritime Autonomy Innovation Hub. Photo by Robert Zielinski.
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new ICESat-2 satellite. The Center is also bringing together many of the tools and visualization techniques
we have developed to explore what the chart of the future may look like and provide research in support of
NOAA's Precision Navigation efforts including the potential role of virtual and augmented reality for data
processing and more directly in the future of navigation.

The value of our visualization, water-column mapping, and digital cartography capabilities have also been
demonstrated by our work with Stellwagen Bank National Marine Sanctuary aimed at facilitating an adaptive
approach to reducing the risk of collisions between ships and endangered North Atlantic right whales in the
sanctuary. We have developed 4D (space and time) visualization tools to monitor the underwater behavior of
whales and notify vessels of whales in the shipping lanes and to monitor and analyze vessel traffic patterns.
Describing our interaction with this project, the director of the Office of National Marine Sanctuaries said

...l am taking this opportunity to thank you for the unsurpassed support and technical expertise
that the University of New Hampshire’s Center for Coastal and Ocean Mapping/NOAA-UNH
Joint Hydrographic Center provides NOAA's Office of National Marine Sanctuaries. Our most
recent collaboration to produce the innovative marine conservation tool WhaleAlert is a prime
example of the important on-going relationship between our organizations. WhaleAlert is a
software program that displays all mariner-relevant right whale conservation measures on NOAA
nautical charts via iPad and iPhone devices. The North American right whale is one of the
world’s most endangered large animals, and its protection is a major NOAA and ONMS respon-
sibility. The creation of WhaleAlert is a major accomplishment as NOAA works to reduce the risk
of collision between commercial ships and whales, a major cause of whale mortality.

...WhaleAlert brings ONMS and NOAA into the 21 century of marine conservation. lts deve-
lopment has only been possible because of the vision, technical expertise, and cooperative
spirit that exists at CCOM/JHC and the synergies that such an atmosphere creates. CCOM/
JHC represents the best of science and engineering, and | look forward to continuing our highly
productive relationship.

Understanding the concerns about the potential impact of anthropogenic sound on the marine environment,
we have undertaken a series of studies aimed at quantifying the radiation patterns of our mapping systems.
These experiments, carried out at U.S. Navy acoustic ranges, have allowed us to determine the ensonification
patterns of our sonars, and—using the hydrophone arrays at the ranges—to quantitatively track the feeding
behavior of sensitive marine mammals (Cuvier's beaked whales) during the mapping operations. The results of
these studies, now published in peer-reviewed journals, have offered direct evidence that the mapping sonars
we used do not change the feeding behavior of these marine mammals nor displace them from the local area.
Hopefully, these studies will provide important science-based empirical information for guiding future regula-
tory regimes.

Statements from senior NOAA managers and the actions of other hydrographic agencies and the industrial
sector provide clear evidence that we are making a real contribution to NOAA, the nation, and the international
community. We will certainly not stop there. CUBE, the Navigation Surface, GeoCoder, water column mapping,
support of precision marine navigation, our ASV efforts, and HydrOffice offer frameworks upon which innova-
tions are being built, and new efficiencies gained. Additionally, these achievements provide a starting point for
the delivery of a range of hydrographic and non-hydrographic mapping products that set the scene for many
future research efforts.

Since 2005, the Center has been funded through a series of competitively awarded Cooperative Agreements
with NOAA. The most recent of these, which was the result of a national competition, funded the Center for
the period of January 2021 through December 2025. This document summarizes the highlights of this NOAA-
funded effort during calendar year 2023, the third year of the current grant. Throughout this executive summary,
links will be provided to more detailed descriptions of the projects briefly mentioned here. These more detail-
ed reports as well as executive summaries and full reports on our previous years' efforts can be found at our
website, ccom.unh.edu/reports.
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Highlights from Our 2023 Program

This report represents the progress during the second year of effort on NOAA GRANT NA20NOS4000196. The
overall objectives were specified in The Notice of Funding Opportunity (NOFO) under which the new grant was
funded and are outlined in three programmeatic priorities:

Advance Technology to Map U.S. Waters
Advance Technology for Digital Navigation Services

Develop and Advance Marine Geospatial and Soundscape Expertise

Under these, three sub-themes and 20 specific research requirements were defined:
Advance Technology to Map U.S. Waters
A. DATA ACQUISITION

1. Improvement in the effectiveness, efficiency, and data quality of acoustic and lidar bathy-
metry systems, their included backscatter and reflectance capabilities, their associated vertical and
horizontal positioning and orientation systems, and other sensor technologies for hydro-
graphic surveying and ocean, coastal, and Great Lakes mapping.

2. Improvement in the understanding and integration of other sensor technologies and para-
meters that expand the efficiency and effectiveness of mapping operations, such as water
column and sub-bottom profiling.

3. Improvement in the operation and deployment of unmanned systems for hydrographic and
other ocean mapping and similar marine domain awareness missions. Enhancements in the
efficiency and hydrographic and related data acquisition capability of unmanned systems in
multiple scenarios including shore-based and ship-based deployments and in line-of-sight
and over-the-horizon operation and long duration autonomous ocean and coastal mapping
data acquisition operations.

4. Improvement of autonomous data acquisition systems and technologies for unmanned
vehicles, vessels of opportunity, and trusted partner organizations.

B. DATA VALUE

5. Improvement in technology and methods for more efficient data processing, quality control, and
quality assurance, including the determination and application of measurement uncertainty, of
hydrographic and ocean and coastal mapping sensor and ancillary sensor data including data
supporting the identification and mapping of fixed and transient features on the seafloor and
in the water column and the resolution of unverified charted features.

6. Development of improved tools and processes for assessment, processing, and efficient
application of ocean mapping data from emerging sources such as drones, cameras and optical
sensors, satellites, and volunteer/crowd-sourced observing systems to nautical charts and other
ocean and coastal mapping and coastal hazard products.

7. Application of artificial intelligence, cloud services, and machine learning to the processing and
analysis of hydrographic and coastal and ocean mapping data from both established and emerg-
ing sources, as well as to data from associated systems such as water level and current sensors,
and from regional and global precise positioning networks.

C. RESOURCES OF THE CONTINENTAL SHELF

8. Advancements in planning, acquisition, and interpretation of continental shelf, slope, and rise sea-
floor mapping data, particularly for the purpose of delimiting the U.S. Extended Continental Shelf
and mapping the resources of the seabed.
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9. Adoption and improvement of hydrographic survey and ocean mapping technologies, including
the development of potential new approaches and technologies, in support of mapping the
Exclusive Economic Zone and of “Blue Economy” activities in U.S. waters such as offshore min-
eral and resource exploration, renewable energy development, coastal hazard planning, and the
responsible management of U.S. living marine resources.

10. New approaches to the delivery of bathymetric services, including, among others, elevation
models, depth comparisons and synoptic changes, model boundary conditions, and represent-
ative depths from enterprise databases such as the National Bathymetric Source and national
geophysical archives.

Advance Technology for Digital Navigation Services

11.  Development of innovative approaches and concepts for electronic navigation charts and for
other tools and techniques supporting precision navigation such as chart display systems, port-
able pilot units and prototypes that are real-time and predictive, are comprehensive of all naviga-
tion information water levels, charts, bathymetry, models, currents, wind, vessel traffic, etc.), and
support the decision process (e.g., efficient voyage management and under keel, overhead, and
lateral clearance management) in navigation scenarios.

12.  Development of improved methods for managing hydrographic data and transforming hydro-
graphic data and data in enterprise databases to electronic navigational charts and other oper-
ational navigation products, particularly in the context of the new S-100 framework and family
of associated data standards.

13.  Development of new approaches for the application of spatial data technology and cartographic
science to hydrographic, ocean and coastal mapping, precision navigation, and nautical charting
processes and products.

14.  Application of hydrodynamic model output to the improvement and development of data products
and services for safe and efficient marine navigation.

15.  Improvement in the visualization, presentation, and display of hydrographic and ocean and coastal
mapping data, vessel data, and other navigational support information such as water levels, cur-
rents, wind, and data model outputs for marine navigation. This would include real-time display
of mapping data and 4-dimensional high-resolution visualization of hydrodynamic model output
(water level,
currents, temperature, and salinity) with associated model uncertainty and incorporate intelligent
machine analysis and filtering of data and information to support precision marine navigation.

16.  Development of approaches for the autonomous interpretation and use of hydrographic and navi-
gational information, including oceanographic and hydrodynamic models in advanced systems such
as minimally staffed and unmanned vessels.

Develop and Advance Marine Geospatial and Soundscape Expertise

17.  Development, evaluation, and dissemination of improved models and visualizations for describing
and delineating the propagation and levels of sound in the water from acoustic devices including
echosounders, and for modeling the exposure of marine animals to propagated echosounder en-
ergy. Improvements in the understanding of the contribution and interaction of echo sounders and
other ocean mapping-related acoustic devices to/with the overall ocean and aquatic soundscape.

18. Development, maintenance, and delivery of advanced curricula and short courses in hydrographic
and ocean mapping science and engineering at the graduate education level, leveraging to the
maximum extent the proposed research program and interacting with national and international
professional bodies to bring the latest innovations and standards into the graduate educational
experience for both full-time education and continuing professional development.
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19. Effective delivery of research and development results through scientific and technical journals and
forums and transition of research and development results to an operational status through direct
and indirect mechanisms including partnerships with public and private entities.

20. Public education, visualization tools, and outreach to convey the aims and enhance the application
of hydrography, nautical charting ocean coastal and Great Lakes mapping and related hydrodynamic
models to safe and efficient marine navigation and coastal resilience.

Many of these programmatic priorities and research requirements are consistent with those prescribed under
earlier grants while several new directions are prescribed. Thus, the research being conducted under the current
(2021-2025) grant represents a combination of the continuation of on-going research with the initiation of several
new research efforts.

To address the three programmatic priorities and 20 research requirements, the Center divided the research
requirements into components, themes, and sub-themes, and responded to the NOFO with 46 individual
research tasks—each with an identified investigator or group of investigators as the lead (Figure ES-2). These
research tasks are constantly being reviewed by Center management and the Program Manager, and are adjust-
ed as tasks are completed, merged as we learn more about the problem, or modified due to changes in person-
nel. This year, as we approached the half-way mark of the grant period, the research team and Program Manager
agreed to a series of mid-course adjustments to the tasks (Figure ES-3). Major adjustments include:

® The combination of Task 4 (Environmental Monitoring) and Task 7 (Water Column Mapping) into a
single Task 4 (Environmental Monitoring and Water Column) under the leadership of Pl John Hughes
Clarke.

* The replacement of Pl Tom Weber (who moved on to a position at the Office of Naval Research) on
Task 5 (New Sensors) with new faculty member Tom Blanford.

® The removal of Task 6 (Lidar Systems—Brian Calder and Chris Parrish as Pls) which had been subcon-
tracted to Chris Parrish as OSU. This work will be directly funded by NOAA at OSU.

e The removal of Task 7 (as explained above—combined with Task 4).

* The combination of the many ASV-related tasks (2 through 14, plus 21 and 42) into a single ASV Task
9 to reduce the complexity of reporting.

® The combination of Tasks 26 (Ocean Mapping Data Analytics) and Task 38 (Artificial Intelligence
and Machine Learning for Analysis and Filtering) into a single Task 26 under the leadership of Pl Kim
Lowell.

® The removal of Task 35 (Application of Hydrodynamic Models to Navigation Products) as its efforts
are being covered under Task 4 (Environmental Monitoring), Task 32 (Innovative Approaches to
Support Precision Navigation), and Task 36 (Tools for Visualizing Complex Ocean Data Sets) under
the leadership of John Hughes Clarke (Task 4) and Tom Butkiewicz (Tasks 32 and 36).

* Finally, a small reduction in the budget for FY2024 will require a small reduction in effort which has led
to the following actions:

* Removal of a Post-Doc under the Water Column task (orgininally Task 7, now Task 4).

*  OSU component of the Florida field work program of Task 29 (Management of Living Marine
Resources from ECS including ICESat-2) has been removed.

* Reduction in ASV activities by dropping the Autonomous Sonar task (originally Task 14—now part
of Task 9), the microUAS Mapping for Safety of Navigation task (originally Task 21—now part of
Task 9) and the Semantic Understanding of Nautical Charts for Autonomous Navigation task (or-
gininally Task 42). While these efforts have been removed as explicit tasks, should funding levels
be increased, discussions will be held with the Program Manager to see if these areas should be
re-instated.
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Executive Summary

PROGRAM PRIORITIES COMPONENT THEMES SUB-THEME TASKS Pls TASK
System Performance Assessment PJ 1
ACOUSTIC Underway Sensor Integration Monitoring JHC 2
S T TR T AT iﬁ?:s :ac!ﬁcatter Calllbratfon : TW/IHC 3
TO MAP US WATERS nvironmental Monitoring JHC 4
INTEGRATED New Sensors TW 5
SF MAPPING LIDAR Lidar Systems, providing both BRC/CP 6
Bathymetry and Reflectance
WATER Water Column Mapping W 7
DATA COLUMN
AND SB Subbottom Mapping JHC/TW/LM 8
ACQUISITION
Operation and Deployment of Uncrewed Vessels RA/VS 9
Camera Systems for Marine
VS/TB/RA 10
Situational Awareness e
ML Training Data for Marine Applications VS/KF ilil
OPS and DEPLOYMENT - -
OF USV Path Planning for Ocean Mapping VS/RA 12
Frameworks for Multi-Vehicle Operations VS/RA 13
Autonomous Sonars VS/? 14
Data Acquisition for Volunteer/Trusted BRC 15
Partner Systems
Bathymetry Data Processing BRC 16
Backscatter Data Processing MS/BRC 17
DATNERUM Object Detecti AL 18
TRAD SOURCES L AT
Chart Features BRC/CK 19
Advanced Quality Assurance/Control Tools GM/MS 20
DATA sUAS Mapping for Safety of Navigation VS/KG?? 21
VALUE Millimeter Resolution Mapping with Frame Sensors YR 22
NON-TRAD DATA Enhanced Underwater Data 3D Construction ID/TB 23
Volunteer Bathymetric Observations BRC 24
Alternatl.ve Uses for ICESAT-2 and Other BRC/ USF? 25
Laser Altimeter Data
Al/ML/CLOUD Ocean Mapping Data Analytics KL 26
ECS EFFORTS Support of US ECS Efforts LM 27
RE: RCES OF i il
SOURCES O TECHNOLOGIES IN SUPPORT. Offshore Mineral/ Marine Resources Lw 28
CONT SHELF OF BLUE ECONOMY Management of Living Marine Resources from . 29
ECS Including Use of ICESat-2
Improvements in Change Detection JHC/AL/ID 30
Dellver\f of Bathymetric Data Services from e o
Enterprise Databases
Innovative Approaches to Support Precision Navigation TB 32
ADVANCE THE TECHNOLOGY Managing and Transforming Data to Navigation cK/BS 33

FOR DIGITAL NAVIGATION :fod.u(l:tst Comp:terlAss;l'stla(:| Cartogrﬂph;f — -
SERVICES patial Data '.fec nology in the Context of Charting an Bl 34
Ocean Mapping

Application of Hydrodynamic Models to Navigation

TB/JHC 35
Products /
Tools for Visualizing Complex Ocean Data Sets TB 36
General Semiotics CW/BS 37
Artificial Intelligence and Machine Learning for
: Sl 2 KUTB/CK | 38

Analysis and Filtering
Hydrographic Data Manipulation Tools TB 39
Real-time Display of Ocean Mapping Data TB 40
BathyGlobe cwW 41
S tic Understanding of Nautical Chart:

emantic Understanding of Nautical Charts VS/TB 4

for Autonomous Navigation

Contributions of Echosounders to the Ocean MS/TW/IMO 43

DEVELOP AND ADVANCE MARINE Soundscape
GEOSPATIAL AND SOUNDSCAPE Curriculum Development SD 44
EXPERTISE Delivery of Results: Publications and Presentations LM/ALL 45
QOutreach THIJ/CM 46

Figure ES-2. Original breakdown of Programmatic Priorities and Research Requirements of NOFO into individual projects or tasks with
short-description name and Pls’ initials. Task numbers are shown on far right.
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PROGRAM PRIORITIES COMPONENT THEMES SUB-THEME TASKS Pis TASK
System Performance Assessment PJ 1
AcOusTIC |Underway Sensor Integration Monitoring JHC 2
ADVANCE THE TECHNOLOGY BATHY Backscatter Calibration and Seafloor Change JHC/MS/AL/GV 3
TO MAP US WATERS AND BS ; —
INTEGRATED Environmental Monitoring and Water Column JHC 4
SF MAPPING New Sensors TBL 5
LIDAR Lidar Systems, providing both Bathymetry and Reflectance BRC/CP 6
WATER Water Column Mapping T™W 7/4
DATA LT s s JHC/LW/LM 8
ACQUISITION ANDsp [*“PPottom Mapping
Operation and Deployment of Uncrewed Vessels RA/VS 9
Camera Systems for Marine Situational Awareness VS/TB/RA 10/9
ML Training Data for Marine Applications VS/KF 11/9
OPS and DEPLOYMENT
Path Planning for Ocean Mapping VS/RA 12/9
OF Usv
Frameworks for Multi-Vehicle Operations VS/RA 13/9
Autonomous Sonars Vs/? 14/9
Data Acquisition for Volunteer/Trusted Partner Systems BRC 15
Bathymetry Data Processing BRC 16
Backscatter Data Processing MS/BRC 17
DATA FROM " B
TRAD SOURCES Object Detection AL 18
Chart Features BRC/CK 19
Advanced Quality Assurance/Control Tools GM/MS 20
DATA = =T
VALUE sUAS Mapping for Safety of Navigation VS/KG ¢hl
Millimeter Resolution Mapping with Frame Sensors YR 22
NON-TRAD DATA Enhanced Underwater Data 3D Construction JD/TB 23
Volunteer Bathymetric Observations BRC 24
Alternative Uses for ICESAT-2 and Other Laser Altimeter Data BRC/KL/YR 25
Al/ML/CLOUD Ocean Mapping Data Analytics - Al/ML KL 26
ECS EFFORTS Support of US ECS Efforts LM 27
RESOURCED OF Offsh Mi I/ Marine R LW 28
CONT SHELF TECHNOLOGIES IN SUPPORT ore Minera arine Resources
OF BLUE ECONOMY Management of Living Marine Resources from ECS Including Use of ICESat-2 D 29
Improvements in Change Detection JHC/AL/ID 30
Delivery of Bathymetric Data Services from Enterprise Databases BRC a1
Innovative Approaches to Support Precision Navigation T8 32
ADVANCE THE TECHNOLOGY Managing and Transforming Data to Navigation Products: Computer Assisted K 1
FOR DIGITAL NAVIGATION Cartography
SERVICES Spatial Data Technology in the Context of Charting and Ocean Mapping Pl 34
Application of Hydrodynamic Models to Navigation Products TB/IHC 35/4, 32, 36
Tools for Visualizing Complex Ocean Data Sets B 36
General Semiotics CK/CW 37
Artificial Intelligence and Machine Learning for Analysis and Filtering KL/TB/CK 38/26
Hydrographic Data Manipulation Tools B 39
Real-time Display of Ocean Mapping Data TB 40
BathyGlobe W 41
Semantic Understanding of Nautical Charts for Autonomous Navigation VS/TB 42
Contributions of Echosounders to the Ocean Soundscape MS/IMO 43
DEVELOP AND ADVANCE MARINE Curriculum Development S0 “4
GEOSPATIAL AND SOUNDSCAPE
EXPERTISE Delivery of Results: Publications and Presentations LM/ALL 45
Qutreach THI/CM 46

Figure ES-3. Adjusted task list: [ Tasks combined; (] Tasks removed; Bl Effort reduced

In this report, we attempt to summarize the status of the major task efforts of 2023 within the con-
text of the programmatic priorities; more detailed discussions of these activities (as well as descrip-
tions of the Center’s facilities and other informative appendices) can be found through the links
provided on the Center's webpage at ccom.unh.edu/reports.
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Programmatic Priority 1

ADVANCE TECHNOLOGY TO MAP U.S. WATERS

The first and by far the largest programmatic priority defined by the Notice of Funding Opportunity (NOFO) that
was the basis for the Center's grant, focuses on the broad category of advancement of technology for mapping
U.S. waters. Under this programmatic priority are three components (Data Acquisition, Data Value and Resources
of the Continental Shelf) and within each of these components there are numerous research requirements reflect-
ing the range of technologies and approaches used for ocean mapping. Below are brief summaries of some of the
research tasks being undertaken to address these requirements; more detail is provided in the full progress report.

DATA ACQUISITION
Task 1: System Performance Assessment

Multibeam Assessment Tools

The "total cost of ownership” (TCO) for hydrographic data—which includes not only the physical cost of collect-
ing the data, but also the processing costs subsequent to initial collection—increases significantly as problems are
detected further from the point of collection. Thus, we have long focused on the development of tools to monitor
data in real-time, or to provide better support for data collection and quality monitoring which have the potential

Multibeam Advisory Committee
Mapping System SAT/QAT Checklist

V1.2 {Jan 05 2023)

Pre-QAT Review
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Pre-SAT/QAT Planning

1. Vessel survey planning
a. MAC guidelines for planning and reporting the vessel / sensor offset survey

2. Initial system geometry review
a. MAC and vessel personnel review the survey and discuss/develop a dlear, unanimous
interpretation of results for sensor offsets to apply in echasounder and posiion/attitude system
configurations, maintaining a consistent origin and translating each offset into the appropriate
sensor reference frame and sign convention
. This is a fundamental step for calibration (and. thus, data quality) with ample opportunity for
error; this process is vastly improved by a high-guality survey that is reported according to MAC
guidelines noted above
The initial review of the survey report must be completed with ample window to resolve
ambiguities with the surveyor andior sensor manufacturers

o

a

3. Develop test plan
a. MAC and vessel personnel identify suitable test sites within reasonable distance from the
desired ports of call / transit plan
b. MAC develops more detailed line plans and time estimates, with clear priority of operations
MAC and vessel personnel agree on staffing, workflow. line plans, and time estimates for
SAT/QAT operations (details below) that are reasonably expected fo fit within schedule

3

Typically not performed for A
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Figure ES-4 Example of web-based resources -- the MAC SAT/QAT checklist provides mapping system operators with a
standardized performance assessment workflow that can be adapted to the vessel’s testing goals and operational constraints.
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UNOLS fleet's multi- Figure ES-5. Swath Accuracy Plotter, one of many of data assessment tools, displays the distribution of

soundings (gray points) relative to a reference surface (right image) when results are complicated by se-

beam mapping vere refraction (e.g., downward curves with increasing beam angle, as shown in the top left image). In the

systems. bottom left image, the mean bias trend (red line) is "flattened’ to better portray the standard deviations
) of soundings (blue line) across the swath while preserving a mean bias value calculated from a region near
Since 2011, the nadir (-0.04% of water depth in this case).

MAC has performed
systems acceptance and routine quality assurance tests, = B &
configuration checks, software maintenance, and self-noise N L

testing for the U.S. academic research fleet. They have
also developed a series of assessment tools and best-
practices guidelines available to the broad community via
web-based resources (e.g., Figure ES-4). These processes,
software tools, and procedures are also applicable to many 100
of the mapping systems in the NOAA fleet, as well as the
systems installed aboard commercial and non-profit survey
and exploration vessels. This year, efforts included the i)
continued development of an Ocean Mapping Community
Wiki to publicly share best practices, highlight technical

Day #8: 2022-06-16 (profiles: 11)

resources, and address common challenges; open-source ;im

multibeam echo sounder assessment tools to provide spe- 8

cific metrics of performance (Figure ES-5); a new multibeam

test site database to help mappers find proven assessment e

sites that are suitable for their systems and schedules; 0 — 05:38:30 [0022)

and new enhancements to the increasing popular and the = ke ey

widely-used Sound Speed Manager (Figure ES-6). Center MR oy i

personnel presented these topics to a variety of technical 500 | ey o

audiences in 2023, including U.S. and international confer- —— 17:51:13 [0029]
ences of marine technicians, managers, and -
. 1480 1485 1490 1495 1500 1505 1510
field experts. Sound Speed [mis]

A more detailed report on these efforts can Figure ES-6. Sound Speed Manager now has the capabil-
ity to group per-day the sound speed profiles stored in

be found at preSSbOOkS'Usnh'edU/2023'th' the internal database and visualize them to ease assess-
task-narratives/chapter/task-1. ment of the temporal variability along the water column.
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State of the Art Sonar Calibration Facility ing system for the standard reference hydrophone
(Reson TC4034); and the capability for performing
automated 2D beam-pattern measurements (coupled
and decoupled transmit and receive). This facility is
routinely used by Center researchers for now-routine
measurements of beam pattern, driving point im-
pedance, transmitting voltage response (TVR), and
receive sensitivity (RS). Figure ES-7 shows systems
calibrated at the facility in 2023.

We continue to work closely with NOAA and the
manufacturers of sonar and lidar systems to bet-
ter understand and calibrate the behavior of the
sensors used to make the hydrographic and other
measurements used for ocean mapping. Many of
these take advantage of our unique acoustic test
tank facility—the largest of its kind in New Eng-
land, and now equipped with state-of-the-art test
and calibration facilities. Upgrades to the calibra-
tion facility made by the Center include continuous
monitoring of water temperature and sound speed;
a computer-controlled standard target positioning
system (z-direction); a custom-built vertical position-

Further details of the facility and
the systems tested can be found at
pressbooks.usnh.edu/2023-jhc-task-
narratives/chapter/task-1.

J

Figure ES-7. Tests in the acoustic tank in 2023. Top left: MITRE hydrophone array; Top center: Kongsberg EM 2040 sonar;
Top right: Kongsberg Dual M3 sonar; Middle Left: Reson T51-R sonar; Middle center: Edgetech 216 transducer; Middle
right: BlueRobotics Ping2 transducer; Bottom left: MITRE multi-channel array; Bottom center: MIT/LL hydrophone array;
Bottom right: MIT/LL laser source acoustic evaluation.

31 January 2024 15



Executive Summary

Task 2: Underway Sensor Integration

While the tools described above are focused on
assessing the overall performance of multibeam
sonar systems, we are also pursuing research aimed
at understanding the causes of degradation of data
quality that are the result of imperfect integration of
the observed position and orientation of the sonar
and the vessel. Among these is the development

of the Rigorous Inter-Sensor Calibrator (RISC), the
Ph.D. work of graduate student Brandon Maingot.
RISC works by doing non-linear least-squares esti-
mation of six (at present) potential integration errors
using a finite window of data that extends for a few
ocean-wave periods. Within that window, the “true”
seafloor is assumed to be a smooth surface and any
beam’s depth departure from that surface is used as

a measure of the mismatch due to the six unknowns.

Following field testing of the RISC algorithm in 2022
(see last year's report at ccom.unh.edu/reports),
Maingot has been optimizing the RISC tool (Figure

ES-8). In September 2023, he defended his Ph.D.
proposal and is currently working on papers to
incorporate in his thesis with a defense planned for
spring 2024. Notably, the one integration issue that
has been the most elusive for the RISC algorithm is
the improper application of surface sound speed
and the associated beam steering errors. This is be-
cause—unlike the other six integration errors mod-
elled—the sound speed error is not a constant, but
rather changes with the oceanography. The impact
of sound speed variations is being further explored
in the river plume modelling by Ph.D. student Indra
Prasetyawan, and the algorithmic developments
utilizing continuous surface sound speed mapping
by M.S. student Daniel Leite (see Task 4).

Further information about this work
can be found at pressbooks.usnh.
edu/2023-jhc-task-narratives/
chapter/task-2.

RISC: Rigorous Inter Sensor Calibrator
for operational Wobble- Analysis

Task 2: Underway Sensor
Integration Monitoring

Current advances:
1. Better seafloor model
2. Improved optimization
3. Faster cone intersection
4. Hasten workflow

PhD thesis—OE,
Brandon Maingot

bmaingot@ccom.unh.edu £

AFTER

Figure ES-8. Improvements being implemented by Brandon Maingot in the RISC algorithm.
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NOAA Ship Fairweather
EM712 0.5x1.0°
} e VERY Ul
- < SHALLOW

R.2ms CW-CW-CW

MULTI-MODE SIS5 Calibration File — for Real-Time Corrections

BEFORE RELATIVE CALIBRATION
Without Calib_j12_j0-100kHz.txt

FA EMTI2VS_70-100kHz A A,

@ Ay *** All done at one depth/seabed wre\?
(<= 100m for shallowest mode)

AFTER RELATIVE CALIBRATION
With Calib_y12_zo0-100kHz.txt

FAEM712VS_70-100kHz A

FAEM712:5h_70-100kHz A

Figure ES-9. Original data collected (center) for each of the five modes of the 70-100 kHz frequency range. After inter-
sector and inter-mode balancing to an arbitrary reference, the resulting data (right column) is illustrated. This was done by
creating a Calib_712_70-100kHz.txt file for entry into the transceiver.

Task 3: Backscatter Calibration

The collection of acoustic backscatter data continues
to be an area of active interest across the research,
industrial, and national security communities for its
ability to infer characteristics of the seafloor. The
large swaths and wide bandwidths of modern multi-
beam echo sounders (MBES) permit the user to effi-
ciently collect co-registered bathymetry and seafloor
backscatter at many angles and frequencies. How-
ever, the backscatter data collected by multibeam
echo sounders is typically uncalibrated, limiting its
useability to qualitative data products and compari-
son of one data set to another. The operational prob-
lem is that no two (nominally identical) multibeam
systems provide the same estimate of the bottom
backscatter strength. Even for a single instance of a
multibeam system, as it changes mode (pulse length
and sector-frequency combination), the estimate
changes. Multibeam echo sounder calibration is not

a trivial task and continues to be a difficult hurdle
in obtaining accurate and repeatable backscat-

ter measurements. Towards this end, the Center
continues to leverage its state-of-the art facilities
to develop and test new backscatter calibration
methodologies as well as develop new approaches
to calibrating backscatter in the field.

Inter-Platform Cross Calibration

In the 2023 reporting period, we extended the
calibration methodology previously applied to
EM2040s (see last year's report) to the EM710/712
systems operated by NOAA and others (CHS, UNB,
UNOLS). Because of the lower frequency of the
EM710/712, we needed to extend our test areas
and associated reference data to deeper waters.

A 100 m site was established along the border
between the U.S. and Canada to minimize admin-
istrative issues and, in 2022, CSL Heron collected
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EM712 data using multi-
ple modes. In April 2023,
the NOAA Ship Fair-
weather used her EM712
to collect the equivalent
set of mode data (Figure
ES-9). For each of those

The impact of misaligned Tx and Rx beam patterns
Due to T, T, latency

Enve. <al

modes, the mean back- O R R B S R

10

scatter variation by sonar
or vertically referenced
angle was collected for

each sector (six in total, = ey
three per swath and dual
swath). ol

Resulting Distorted
While this achieves a ..~ Apparent
relative inter-sector and Aeiier Raspani
inter-mode calibration S RN W
specifically for the Fair- P — —

weather’s system, there
is no guarantee that

m:,lﬂlﬁlh|llll|lihmlll.h

L a4
i i

equivalent data would
be collected by another
installation of the same

Mis-Aligned B

eam Pattern Model

model. To test this, the
Heron EM712 data, as
well as EM710-Mk2 data
collected by the CCGS
Vector in July 2023 were compared. While each
system can achieve an internally consistent rela-
tive calibration, the inter-platform variations were
significant. Notably, the EM710, running the old
SIS-4 software and utilizing the .all format (as op-
posed to the newer .kmall) differed by about ~ 6
dB. The causes of these deviations are now under
investigation.

Toward Absolute Calibration

To address the need to have an absolute reference
for each sonar installation, the method of building
both angular and frequency dependance curves
over reference areas with calibrated EK sonars,
previously described in 2019 and 2020 reports,
was extended to lower frequencies. In the deeper
water made necessary by the use of lower frequen-
cies, the anchoring and manual sonar rotation
used in shallow water was no longer practical and
so a method, previously developed by IFREMER,
was adopted using underway collection and a
pole-mounted mechanically rotating plate. For the
deeper water data, however, it became apparent

Figure ES-10. The mismatch between the phase zero-crossing (P: indicative of the orientation of the
Rx) and the amplitude peak of the echo envelope (A: indicating the location of the mis-aligned prod-
uct of the Tx and Rx beam patterns).

that the vessel motion was degrading the quality of
the reference data. This was a result of the rota-
tion of the receiver relative to the orientation of th