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Over the past few years, the seabed mapping industry
has been adopting unmanned surface vessels (USVs)
as a tool to increase efficiency and safety during field
operations. Much effort has been directed toward the
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operational aspect of deploying and operating USVs
for conducting bathymetric surveys, and this effort
has culminated in many examples of very successful
missions by both government agencies and private
survey contractors. The organizations operating these
systems are also starting to expand their capabilities
by simultaneously operating multiple USVs and
sending them further away from the operations base
(Field, 2018).
As surveyors are becoming more comfortable with
the operational aspects, efforts are now focused on

how to effectively manage the data being collected
by the survey systems, and how to ensure that
quality data is being collected. While a simple remote
desktop connection to software running on the USV
may be practical when operating within WIFI range,
or while only operating a single USV, this approach
becomes more challenging as operations scale up.

Monitoring Survey Quality
When operating one or more USVs, the surveyor
must be able to ensure that each platform is
collecting quality data while also keeping each
platform tasked to the optimal area to meet the
operations goals as efficiently as possible. The most
critical piece of information to support the surveyor’s

» DriX USV operating with support vessel in the background. Image courtesy of iXblue.
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operational decision-making is the survey data
itself. This may be in the form of depth information,
data quality and density, or in the case of search
and recovery surveys, the identification of an area
of interest. Having all sensors integrated into a
processed product allows the surveyor to monitor
that survey requirements are being met, and the
overall coverage is in line with the operational plan.
When considering the key role processed data plays
in supporting effective and efficient management
of the survey operation, any significant delay
between the acquisition and processing/review of
the data is immediately detrimental. A delay in data
processing and quality review would risk prolonged
collection of poor-quality data and cause additional
transit time in order to return to areas in need of
further investigation or re-survey. USVs typically
have some form of communication back to the
operations base, but it is a technical challenge to
review the survey quality via this link as the available
bandwidth has to serve three functions. In order
of importance these are vessel control, sensor
control, and survey data quality monitoring.
Depending on the requirements of the first two
tasks, there can be very little bandwidth remaining
for reviewing the survey quality (Field, 2018). It is
often not possible to transfer the full resolution
data, so we are presented with the requirement to
process the data on the USV, producing information
products (i.e. images of the processed surface)
which are small enough to transfer over the
remaining bandwidth, while still containing enough
information to effectively monitor the survey quality.

CARIS Onboard
In order to process data automatically on the vessel
and to provide information about survey operations
to the surveyor in real-time, the high-volume raw
data must be reduced to information products
which are small enough to be easily shared over
a low bandwidth connection. Teledyne CARIS™
has released CARIS Onboard™ with this exact
goal in mind. Running on the survey vessel, CARIS
Onboard automatically processes the raw sonar
data, along with positioning, motion, tidal and
sound velocity data, and generates a processed
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surface that provides information about the surveys
quality and coverage by providing access to depth,
density, standard deviation and uncertainty bands.

» CARIS Onboard Automation.
Because CARIS Onboard is web enabled, it can
be accessed and controlled from any PC which is
networked to the USV. The available communication
between base and the USV will vary depending
on the operating environment, but is typically
a long-range radio, cellular modem, or satellite
internet. The amount of available bandwidth
from the USV to the support vessel will vary
depending on the communication technology,
and the bandwidth requirements for the vessel
operations. To take advantage of the varying degree
of bandwidth available, CARIS Onboard provides
a selection of methods for connecting to the
information products which have a sliding scale
from higher bandwidth and more information,
to lower bandwidth and less information.
To access the largest source of information, any of
the CARIS™ desktop applications can be operated
from a computer on the support vessel. Through
this, the surveyor can connect to the surfaces being
produced by any number of USVs, showing various
attribute layers such as depth, quality (for example,
depth standard deviation per cell or number of CUBE
hypotheses per cell) or data density. By having access
to all the various information layers, the surveyor
can ensure conformance with survey requirements
by qualitative assessment of the surface, but also
with quantitative assessment of density per cell and
the computed total propagated uncertainty (TPU).
When scaling up to use several USVs on a single
project or using a single USV as a force multiplier
for a manned vessel, the application of CARIS
Onboard in combination with a remote installation
of CARIS has a very distinct advantage. With
remote desktop, each USV would have to be
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monitored in isolation. CARIS Onboard allows
accessing the surfaces from all platforms on the
survey in a single view. This ensures the surveyor
is provided with overall more complete view of
the operation, allowing any overlapping coverage
to be directly compared, making management of
multiple platforms more efficient and streamlined.
The second option on the sliding scale is to review
the survey quality through Control Centre, which
is a web application accessed through any web
browser. In addition to providing the processing
controls and results, Control Centre is built around a
webmap, which displays all surfaces and backscatter
mosaics processed through CARIS Onboard.
While reviewing the surface in Control Centre, the
bandwidth requirements are further reduced as the
surface is converted to tiled images in the Portable
Network Graphics (PNG) format, and it is only the tiled
images which are live streamed to Control Centre.
By providing access to processed products in a web
application, CARIS Onboard allows the dataset to
be automatically processed on the vessel to a point
where low bandwidth information can be streamed
to the operations base, thus providing real-time
survey visualization in support of efficiently managing
a survey. By monitoring the 3G modem during a
previous trial, it was recorded that less than 1GB of
data was transferred from the vessel during a 3-day
period (8hr/day operations). The transfer rates peaked
at approximately 1 Mbps, however dependent on the
location of the vessel, they were as low as 150Kbps,
demonstrating that even with a low bandwidth
connection, CARIS Onboard’s Control Centre was
able to provide real-time survey visualization.
The third option on the sliding scale is a lower
bandwidth option which has been added to Control
Centre. Control Centre Lite removes the live webmap
for use during periods of low bandwidth availability
and replaces it with a dialogue which can be opened
at any point in time to see a snapshot of the surface at
that moment in time. With this extension to Control
Centre, the surveyor has control over when data is or
is not transferred, providing capabilities to review data
during moments of optimal bandwidth availability.

»

CARIS Onboard has three options for remotely reviewing survey
quality, with a sliding scale of bandwidth vs information. From left to
right is the CARIS desktop application, Control Centre, and Control
Centre Lite.

Between all three methods of connecting to the
surface generated and served by CARIS Onboard
(CARIS App, Control Centre, Control Centre
Lite), the surveyor has the ability to scale the
amount and frequency of information, to match
the amount of bandwidth available to use at any
point during operations. This ensures that the
surveyor is able to have a clear representation of
how operations are progressing. Finally, survey
operations can be efficiently managed and
any issues which may arise are identified at the
time they happen, not after the USV is retrieved,
when it is too late to make corrections.
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