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Unmanned Aerial Systems and Nautical Charting
In continuing support of NOAA’s nautical charting mission, TerraSond was tasked in 2017
with performing a hydrographic survey in Southwest Alaska covering 271 NM2 (930 KM2)
of seafloor. NOAA prioritized the area based on the types and frequency of vessel traffic
using the area coupled with the outdated and incomplete nature of existing coverage.

The project area intersected approximately 108 NM of rocky coastline, over which
verification and identification of potentially navigationally-significant shoreline features
such as rocks, reefs, and ledges were required. Instead of the traditional investigation
technique of visiting individual features with a skiff deployed from a larger vessel,
TerraSond utilized Unmanned Aerial Systems (UAS) to accomplish the investigations,
achieving marked improvements to personnel safety while simultaneously providing a
more accurate and comprehensive product and reducing cost.
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Complexity
Challenges of the survey area included remoteness, rugged seafloor and adjacent
coastline, and inclement conditions. Requirements included multibeam sonar coverage
to 8m depth, tide stations,
bottom sampling, and
shoreline verification.
A 105’ vessel (RV Q105)
was mobilized to the site
and acquired multibeam
data around the clock. An
18’ autonomous surface
vessel (ASV) was also
deployed and collected
multibeam data concurrently, focusing on areas too shallow, dangerous, or otherwise
inaccessible for the larger vessel. Over 4,800 linear NM (8,890 km) of multibeam data
was collected. Preliminary data processing and QC was completed onboard in near realtime.
To accomplish the shoreline
verification requirement of the
project, Unmanned Aerial Systems
(UAS) were used by TerraSond’s
FAA Part 107 Certified Drone Pilots
to
investigate
navigationally
significant nearshore features such
as rocks, reefs, and aids to
navigation. Launched from the
Q105, UAS’ investigated shoreline
features along the survey region’s complex, rocky coast. In addition to investigating
almost 600 NOAA-assigned features originally sourced from the charts or satellite data,
over 250 additional new or previously uncharted features potentially hazardous to
navigation were identified as well.
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Technologies and Techniques
To minimize cost and simplify operations, relatively inexpensive but highly capable offthe-shelf DJI Phantom 4 Professional (P4P) UAS units were utilized. The P4Ps were
configured to record 20-megapixel geo-tagged photos at a 2-second interval as they
autonomously flew pre-determined flight mission paths over assigned features. Mission
lengths were limited to 15-20 minutes each by battery life, but 1 to 3 nautical miles of
shoreline could be surveyed during
this period depending on shoreline
complexity.
Following each mission, the imagery
was processed using Structure from
Motion (SfM) techniques. This
allowed
high-resolution
photomosaics and DEMs to be generated
and compared to the source
shoreline data to both verify and
refine the existence of features, map
new or previously uncharted features,
and assign heights to all features.

Innovative Development of Techniques
This project was the first U.S. nautical charting project to utilize UAS for shoreline feature
investigation.
As a first of its kind, it was necessary to develop purpose-built methodology on the project
to optimize UAS altitude, speed, flight path overlap, and camera settings to achieve raw
data sets of sufficient photo density from which SfM processing techniques could be used
to produce suitable results. Through trial and error these variables were adjusted to
achieve a balance that maximized data quality and coverage while also maximizing area
covered per mission.
With no prior knowledge base to draw on for using this new technology for this specific
purpose, various software packages were tried on-site during operations. This included
acquisition software for flight planning and various SfM processing packages before
determining the best fit for this work.
Methods of safely launching and recovering the UAS from the moving survey vessel were
developed, with no crashes or incidents occurring during the approximately 70 missions
flown over the course of the project. Flight parameters around weather conditions,
especially wind speed and visibility, were determined. Two UAS were also deployed
simultaneously at some points in the project, with each system mapping different sections
of shoreline.
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Finally,
techniques
were developed to
provide quality control
on final results and
adjust point cloud data
to NOAA’s vertical
reference, MLLW. This
was especially difficult
in this area where ground control was not practical due to land ownership status and
inability to safely or easily access the shoreline. These techniques included comparison
with sonar data in overlap areas, waterline-adjustments of point cloud data using known
tide values, and comparison with known survey vessel positions.

Future Value to the Geospatial Profession and the Public
The successful deployment of UAS provides an increase in efficiency and productivity for
charting projects while improving safety. They are especially important on remote Arctic
projects where increased production efficiencies are critical to decrease the cost per
nautical mile surveyed and make mapping of the expansive, Arctic region more cost
effective. The safety of navigation and the environment are always improved when
accurate charting of U.S. waters is
available. This new technology improves
public image by showing how to chart
more area with less public spending.
Efforts with robotics increase the
technological advancements within the
geospatial profession.
In addition, improvements to personnel
safety when using UAS for this work
cannot be overstated. Traditional shoreline
investigation methodology on these
charting projects involved craning a skiff or
small vessel with personnel into the water and navigating as close to rocks and other
hazards as possible in order to confirm, position, and photograph them. This technique
and the associated hazards are virtually eliminated when investigating via robotic UAS.
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Client/Owner Satisfaction
This project and the UAS innovation were well-received by the client, NOAA’s Office of
Coast Survey.
This use of UAS for shoreline verification purposes was initially presented to NOAA by
TerraSond at NOAA’s annual Field Procedures Workshop in Portland, Oregon in
February of 2018.
It was well received by the client, who recognized the advantages of this technology for
improving safety and data quality while simultaneously reducing cost. NOAA has since
gone on to trial similar technology internally, starting with the vessel Thomas Jefferson in
Puerto Rico in October 2018 for post-hurricane recovery survey work.
This project was delivered on schedule.
We recognize and thank NOAA for funding this work. NOAA has continued to support
TerraSond’s development of new technologies by providing challenging project
assignments that facilitate and benefit from innovation.
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