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Kiribati’s efforts to 
address sea-level rise
The impacts of climate 
change in the Pacific 
region can also be felt 
in the hydrographic 
profession. In this 
interview, Tion Uriam, 
the national coordina-
tor for hydrography 
and charting in Kiribati, 
emphasizes the 
challenges faced by 
Pacific Island nations 
and the importance of 
addressing root causes.

Women power NOAA 
hydrography
The role of women in 
hydrography is 
increasing worldwide. 
In 2022, NOAA 
participated in the 
international 
Empowering Women in 
Hydrography (EWH) 
programme initiated by 
Canada and the IHO, by 
sponsoring three early 
career hydrographers 
for underway 
experience aboard 
NOAA hydrographic 
ships.

Shallow seabed 
mapping based on 
airborne Lidar 
bathymetry
ALB is a modern 
measurement 
technology for 
obtaining rapid depth 
measurements in 
shallow underwater 
environments. This 
article presents a novel 
methodological 
approach to under-
stand and assess the 
suitability of ALB for 
the automatic 
classification and 
mapping of the seabed.

Detecting drowning 
victims using an 
autonomous surface 
vessel
The search for sunken 
objects or bodies is 
typically carried out 
using a hull-mounted 
or towed sonar. Such 
search operations 
generally cover large 
areas and require a lot 
of personnel, and are 
therefore costly. Recent 
advances in ASV 
technology can 
improve the efficiency 
of search operations.

Operationalizing 
underwater 
hyperspectral 
imaging for blue 
carbon solutions
Improved benthic 
habitat mapping is key 
to the sustainable 
development of the 
blue economy. With its 
underwater hyperspec-
tral imaging (UHI) 
surveying platform and 
AI-driven automated 
data processing 
system, startup 
planblue is taking in 
situ observation to the 
next level.

A visit to the Exail 
2023 Maritime Users 
Conference
This year saw the first 
Exail Maritime Users 
Conference. Exail, you 
say, who are they? Exail 
is a new company that 
was formed by the 
merger between ECA 
and iXblue. Looking at 
the new portfolio, the 
two former companies 
augment each other, 
although it will take 
some time to get used 
to the new name.

Product survey: 
shallow-water 
multibeam echosoun-
ders
MBESs for shallow 
water have gone 
through an evolution in 
recent years. There 
have been significant 
improvements in 
accuracy, frequency 
options and larger 
swath angles, while 
falling costs are 
resulting in a growing 
choice of less-expensi-
ve multibeam 
echosounders.
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  Editorial

In this issue, we 
bring back an 
old friend: the 
product survey. 
And which topic 
better to start with 

than multibeam 
echosounders? 

Our somewhat older 
readers may remember 

earlier product surveys. 
Actually, the fi rst product survey ever 

in Hydro International was published 
in Volume I, Issue 1 in 1997 and was 
about… multibeam and wide swathe 
echosounders.

Going back to the archive and reading that 
product survey is like travelling back in time. 
The introduction alone put a smile on my 
face: “Many hydrographers still prefer their 
conventional single beam echosounder plus 
sidescan sonar for accurate surveying, as 
the fi rst generation of multibeam or swathe 
echosounders could not meet their required 
standards. Today, however, this situation 
has changed dramatically.” Well today, the 
situation has changed once more in that 
there is no discussion whatsoever about the 
accuracy of multibeam. The problem now 
might be that there are too many systems to 
choose from and one can be bedazzled by 
all the options.

But even 26 years ago there was something 
to choose from. Back then, there was no 
discrimination between shallow water and 
deep water. However, looking at the table, 
just about all the systems were shallow water 
anyway, with the possible exception of the 
Elac (now part of Wartsila) BottomChart 
system. Simrad had just been taken over 
by Kongsberg, laying the foundations for 
the current series of EM systems. Reson, 
back then with the 900x series and 8101, 
has of course been taken over by Teledyne 
and integrated with former Odom. Sonar 
Research and Design (SRD) became a Tritech 
company, Atlas Elektronic decided to focus 
on military acoustics and fi nally, Submetrix is 

Reminiscence
now part of ITER systems and still producing 
multibeams.

Submetrix with their ISIS 100 was described 
in the product survey as: “the cheapest, with 
an impressive number of demonstrations 
and ongoing projects.” Quickly followed by 
the ‘however’ that I know those who were 
around back then are already formulating… 
Here it comes: “However, this is not a 
multibeam but an interferometric system.” 
If you look at the current product survey 
you will fi nd the same distinction between 
‘true’ beamforming and interferometric 
multibeams.

The 1997 product survey even lists the 
Marconi-GEC Bathyscan 300. I have not 
so fond memories of the many attempts 
by Marconi to get a 500 running during 
my internship with the Royal Netherlands 
Navy Hydrographic Service in 1993. 
Looking at the product survey, I also spot 
the Reson 9001 and 8101, which were 
the fi rst ‘true’ multibeams I used in 1997 
with Rijkswaterstaat surveying the Dutch 
rivers. A venerable 9001 is still going strong 
as the back-up system with the Skilltrade 
Cat-B course (with an R2Sonic 2020 as 
primary). Fond memories. Nowadays, we see 
additional brands of multibeam systems, with 
among others R2Sonic, Norbit and WASSP.

So, why did we stop doing the product 
survey about a decade ago? Quite simply, 
there were too many systems around 
and more importantly, the product survey 
was sometimes out of date before it was 
published. As an alternative, Geomares 
started Geo-matching, which is still very 
much alive today. Geo-matching will give 
you information on many diff erent products 
– including multibeam echosounders – and 
is kept up to date as much as possible. The 
benefi t of this new, old, product survey? 
A quick overview of the main parameters 
and systems allowing you to look up further 
details on Geo-matching. And personally? A 
trip down memory lane to my early surveying 
days…

Huibert-Jan Lekkerkerk
technical editor
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Subsea Europe Services invests in technology for 
next-gen marine solutions

Subsea Europe Services has opened a new R&D centre at its premises in the 
Ocean Technology Campus Rostock. The new department is led by Frank 
Niemeyer and has been established to enable the subsea systems, services 
and solutions provider’s mission to simplify the acquisition of marine data by 
leveraging new integrated, autonomous and digital technologies.

Following Niemeyer’s appointment as head of research and development 
in January 2023, Subsea Europe Services plans to grow the department 
further with new data science, mechatronics, software development 
and platform management roles to ensure cross-discipline in-house 
expertise informs the development of truly autonomous survey 
platforms and new data-as-a-service workflows, which can significantly 
reduce cost and provide cloud access to high-quality marine data.

Offshore Technology Campus Rostock is often regarded as one of 
Europe’s leading marine technology and research clusters, making it the 
perfect location for Subsea Europe Services’ next phase of expansion. 
The new R&D facility measures 100m2 and will be used for further 
developing the company’s autonomous platform capabilities for marine 
survey with the Autonomous Surveyor autonomous surface vessel (ASV) 
and underwater inspection with the A.IKANBILIS hovering autonomous 
underwater vehicle (HAUV).

The Subsea Europe Services R&D team will also focus on creating 
new application-specific AI-powered autonomous control systems 
and unlocking the potential of swarm surveys featuring 
multiple autonomous vehicles with crewed or uncrewed 
motherships capable of managing the entire operation.

UNDP and The Ocean Cleanup partner to tackle plastic pollution
The United Nations Development Programme (UNDP) and 
The Ocean Cleanup have entered into a Memorandum of 
Understanding (MoU) with the aim of collaborating on the global 
elimination of plastic pollution in oceans and rivers.

The purpose of this partnership is to curb the release of plastics into 
marine ecosystems by promoting policies and changing behaviours 
that will enhance responsible plastic waste management systems, 
reduce overall plastic pollution and speed up the implementation 
of technologies for intercepting plastics in rivers to combat marine 
plastic pollution.

Plastic pollution presents a serious threat to the health of the world’s 
oceans and to the billions of people who rely on marine resources 

for food and livelihood. Plastic accumulates in five areas in the world’s 
oceans, known as the subtropical oceanic gyres. These vast circular 
currents trap floating trash inside of them, resulting 
in the formation of five ocean garbage patches. 
Collaborative partnerships like this play a crucial role in 
addressing this complex global challenge.

World Economic Forum picks Terradepth for 
Ocean Data Challenge
Terradepth, a leading provider of ocean data solutions, has 
been selected to participate in the World Economic Forum’s 
(WEF) prestigious Ocean Data Challenge, a programme aimed 
at enhancing sustainable ocean management and building the 
blue economy. One of only 11 Challenge winners, Terradepth will 
become part of the WEF UpLink Innovation Network, including a 
mentoring programme and partnering opportunities.

The WEF announced the Ocean Data Challenge winners at its 
2023 Annual Meeting in Davos, Switzerland. The Challenge 
was created by the WEF in response to the United Nations’ 
proclamation that 2021–2030 be a Decade of Ocean Science for 
Sustainable Development and has called for the creation of a 
global ocean data ecosystem to connect businesses, organizations 
and government data providers.

The Ocean Data Challenge selected Terradepth for its innovation 
in scaling ocean data collection and ocean data dissemination. 
Terradepth is accomplishing this by developing long-endurance 
autonomous underwater vehicles (AUVs) that revolutionize the 
economics of ocean data collection and reduce its environmental 
impact. Additionally, as an ocean data-as-a-service (ODaaS) 
provider, Terradepth has spearheaded efforts to 
deploy low-logistics AUVs configured with multiple 
sensors to conduct seafloor hydrographic and 
geophysical surveys for a fraction of the cost of 
traditional surveys.

 R&D facility of Subsea Europe Services, with the Autonomous Surveyor ASV 
and hovering AUV A.IKANBILIS. (Image courtesy: Subsea Europe Services) 

 Together for a plastic-
free future: Achim Steiner 
and Boyan Slat ink 
partnership agreement. 
(Photo: United 
Nations Development 
Programme/Fouad Juez) 

 Terradepth has been selected to participate in the World Economic 
Forum’s prestigious Ocean Data Challenge.
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Galileo High Accuracy Service begins delivery

Galileo has begun the delivery of its High Accuracy Service (HAS), 
as officially announced by Thierry Breton, European Commissioner 
for the Internal Market. He described HAS as “feeding a prosperous 
market for innovative applications – from farming to drone navigation 
and autonomous driving.” Galileo is the European Union’s Global 
Navigation Satellite System (GNSS).

Galileo is now the first GNSS providing free-of-charge, high-accuracy 
precise point positioning (PPP) corrections worldwide both through 
the Galileo signal in space (E6-B) and via the internet.  

The precise corrections provided by the Galileo HAS will allow users 
to improve the accuracy associated with the orbit, clocks and biases 
provided through the Galileo Open Service broadcast navigation 
messages and the GPS Standard Positioning Service navigation 
data. These corrections enable the computation of a high-accuracy 
positioning solution in real time when processed by an appropriate 
algorithm in the users’ receivers tracking the Galileo E6-B signal.

The typical accuracy below a few decimetres (<25cm horizontal) in 
nominal conditions of use is a revolution where Europe provides this as 
an integrated service for free, thus allowing the massive development 
of applications worldwide. “This new service has been 
made possible thanks to the outstanding cooperation 
and team commitment of all involved partners,” declared 
EUSPA executive director, Rodrigo da Costa. 

Royal Netherlands Institute for Sea Research 
acquires Slocum gliders

Teledyne Marine has 
sold and delivered 
three Webb Slocum 
gliders to the 
Royal Netherlands 
Institute for Sea 
Research (NIOZ). 
NIOZ conducts 
multidisciplinary 
applied marine 
research to address 
major scientific 
questions about our 
oceans and seas.

NIOZ scientists, engineers and ship technicians recently underwent 
operational and maintenance training on the systems with field 
support staff from Teledyne Webb Research and the UK’s National 
Oceanographic Centre (NOC), which form Teledyne’s European 
Slocum Service Centre. This training was conducted in Spain at SOCIB 
facilities in preparation for the glider science project to be undertaken 
initially by the RV Pelagia in the North Sea in the spring of 2023.

The NoSe (North Sea-Atlantic Exchange) project will study the 
absorption of CO2 in the North Sea. Slocum gliders were acquired 
with an NWO Large-scale Research Infrastructure (NWO-GWI) 
grant, awarded in 2020 to a broad nationwide marine research 
consortium of universities, institutes and TO2 institutions. The 
project will determine the past, present and future 
role of the North Sea and link it to the larger 
biogeochemical system of the Atlantic Ocean. 

 Galileo has begun the delivery of its High Accuracy Service (HAS). (Image 
courtesy: ESA) 

 NIOZ scientists, engineers and ship 
technicians received training on the systems 
from Teledyne Webb Research and the UK’s 
National Oceanographic Centre with the 
support of Teledyne’s European Slocum 
Service Centre.
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Ocean Business 2023 registration now open
Ocean Business 2023 is around the corner. The global technology 
and science exhibition for marine industries is fast approaching, 
and registration is now open for the three-day event, taking place 
from 18–20 April 2023 at the National Oceanography Centre in 
Southampton, England. This year’s exhibition is expected to attract 
record crowds from around the world, with over 300 manufacturers 
and service providers already booked for the sold-out event.

This year’s Ocean Business promises to be better than ever, with 
unrivalled networking opportunities and the chance to see the 
latest in marine technology. The Training and Demonstration 
programme is now live, featuring over 130 hours of new 
technologies demonstrated in the dockside waters, onboard 
vessels and in the classroom. You’ll be able to see tomorrow’s 
world today and meet the experts behind cutting-edge technology 
in an ocean environment. Highlights include the 
latest in autonomous vehicle underwater monitoring, 
next-generation ROVs from international innovators, 
collision avoidance systems and groundbreaking 
advances in AUV technology.

 Aerial view of the National Oceanography Centre in Southampton. 
(Image courtesy: NOC) 

Vattenfall uses uncrewed vessels for safer, greener 
seabed inspections

Vattenfall recently conducted their first large-scale seabed survey using 
uncrewed surface vessels, with very positive results from both a climate 
and safety perspective. This has opened up the potential for the wider use 
of this new technology. During the summer and autumn of 2022, Vattenfall 
successfully conducted large-scale seabed surveys with uncrewed surface 
vessels at several of their offshore wind farms in Denmark, Sweden and 
the United Kingdom.

As part of operating an offshore wind farm, it is essential to periodically 
survey the seabed around turbine foundations and substation jacket legs 
to monitor changes in cable burial depth and scour development. This 
information is also critical for repair and maintenance activities involving 
jack-up vessels, which require a stable seabed to ensure safe elevation out 
of the water.

Traditionally, seabed surveys have been conducted using crewed vessels, 
resulting in considerable emissions of carbon from the burning of fuel. 
“This uncrewed technology consumes much less fuel than a traditional 
survey vessel, and because the vessel is controlled from 
an onshore operations centre instead of having a crew 
onboard, personnel aren’t exposed to the same challenges 
as working offshore, thereby improving safety and well-
being,” said Rasmus Juncher, senior lead geophysicist at 
Vattenfall. 

 XOCEAN USV conducting a large-scale seabed survey for Vattenfall.

Teledyne acquires ChartWorld to enhance marine navigation solutions
Teledyne recently announced that it has acquired ChartWorld 
International, a leading provider of digital navigation charts and 
services. ChartWorld’s products and services are used by mariners, 
ship owners and ship managers around the world to improve safety, 
efficiency and compliance.

The acquisition will strengthen Teledyne’s position in the marine 
electronics market and expand its capabilities in digital navigation 
solutions. ChartWorld’s technology and experienced team will be 
integrated into Teledyne’s Marine Systems segment, which provides a 
wide range of marine instrumentation, imaging and communications 

products and services to customers in the commercial 
and defence markets. 

SevenCs, a brand of ChartWorld International and 
a leading provider of software and services for 

marine navigation and maritime simulation, will continue to operate 
independently and support ChartWorld in its integration with 
Teledyne. 

 The ChartWorld brand will persist for the company’s products and 
services, which include digital navigation charts, software and services for 
ECDIS.
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Navigating climate change: Kiribati’s 
efforts to address sea-level rise

Interview with Tion Uriam, national coordinator for hydrography and charting, Kiribati

The impacts of climate change and sea-level rise on daily life in 
Kiribati and the Pacific region can also be felt in the hydrographic 
profession. In this interview, Tion Uriam, the national coordinator 
for hydrography and charting in Kiribati, emphasizes the 
challenges faced by Pacific Island nations and the importance 
of addressing root causes. Uriam discusses the challenges in 
obtaining support and resources for the Kiribati Outer Islands 
Transport Infrastructure Investment Project, and how initiatives 
like Seabed 2030 are helping to bring together countries and 
organizations to share resources and expertise. Kiribati is also 
working to educate and raise awareness about the significance of 
hydrography and the effects of climate change.

How has everyday life in Kiribati – and 
other countries in the Pacific – been 
impacted by climate change and sea-
level rise?
Climate change and sea-level rise have had a 
significant impact on everyday life in Kiribati 
and other Pacific Island countries. Rising 
sea levels have caused increased coastal 
erosion and saltwater intrusion into the 
freshwater lens. In our part of the world, we 
are experiencing the impacts of La Niña: with 
climate likely to have an impact on the ENSO 
cycle, La Niña means less rain for us. In fact, 
we have just recently experienced a heavy 
drought period. The islands in the Pacific face 
similar challenges, although at varying scales. 

In your opinion, what is the most pressing 
challenge facing Pacific Island nations 
such as Kiribati on the topic of climate 
change and global warming, and how do 
you envision the country addressing this 
challenge in the coming years?
Pacific Island nations like Kiribati are facing 
a major challenge with climate change and 
global warming due to their vulnerability 
to rising sea levels and frequent natural 
disasters. These events are already having 

serious consequences for the people and environment of these islands. In Kiribati specifically, 
the challenge is largely caused by high population density and inadequate planning, which are 
affecting the two most crucial resources – land and water.

Tackling climate change and global warming is not something that can be done by Kiribati 
alone, but we can control how we use our land and protect our water. Although steps are 
being taken to adapt with modern measures, the root cause of the problem is still the high 
population and poor planning. Addressing these underlying issues is crucial to effectively 
dealing with the impacts of climate change.

What measures is Kiribati taking to adapt to these changes and to protect its 
coastlines and communities?
Our traditional way of life was characterized by its capacity for adaptability to environmental 

By Wim van Wegen, head of content, Hydro International 

 Map of Kiribati. (Data sources: UNCS, Esri, Global Discovery, Government of USA; map created by UN 
OCHA ReliefWeb)

 Tion Uriam.
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changes. The design of homes, for example, 
allowed for mobility and portability, and 
families acquired only suffi  cient resources for 
their daily sustenance. The implementation 
of measures to support adaptation in 
response to environmental challenges 
can be considered more as reactive, 
rather than proactive, in nature. Genuine 
adaptation entails the capability of survival 
in a constantly changing environment 
and growing population, which ultimately 
depends on eff ective resource management 
practices. 

How is Kiribati working to maintain 
accurate and up-to-date hydrographic 
charts and maps of its waters?
The Kiribati Outer Islands Transport 
Infrastructure Investment Project (KOITIIP), 
an ADB and WB funded project, is currently 
focused on updating the charts of four 

islands in Kiribati. The goal is to use this 
work as a stepping-stone to gain support for 
mapping the rest of the islands in Kiribati 
and producing more nautical charts. The 
most recent data available is satellite-
derived bathymetry that covers all 33 islands 
in Kiribati. We are also taking part in the 
Seabed 2030 initiative, which allows for the 
exploration of crowd-sourced bathymetry 
to map more of Kiribati’s waters. Vessels 
that frequently ferry between the islands 
carry single beam echosounders, eff ectively 
helping to map Kiribati’s waters through the 
collection of data. 

What challenges does Kiribati face when 
it comes to conducting hydrographic 
surveys and maintaining accurate maps 
in the face of climate change and sea-
level rise?
The current biggest obstacle is obtaining the 

necessary support to establish a sustainable 
programme. My department currently 
lacks the budget and manpower needed 
to undertake the work. The perceived 
value of producing maps and its potential 
contribution to Kiribati’s long-term socio-
economic development plans is not yet 
clearly understood. 

The phrase “we can’t manage what we 
can’t measure” is especially relevant in the 
context of Kiribati. Through KOITIIP, we aim 
to increase awareness of the importance of 
mapping and the potential benefi ts it can 
bring.

When it comes to the eff ects of climate 
change and sea-level rise, various models 
predict that Kiribati could be underwater 
in the coming years. These predictions are 
based on satellite-derived elevation data, 
which has a very low level of detail. Since 
many of Kiribati’s atolls are only three metres 
above sea level, more accurate predictions 
could be made by mapping the elevation at a 
higher level of detail.

How are technology and innovation 
being employed to improve 
hydrographic capabilities and address 
the impacts of climate change?
Aff ordability and access to technology are 
important factors in improving hydrographic 
capabilities and addressing the impacts 
of climate change in Kiribati. The cost of 
technology, both hardware and software, 
can be a barrier for small island nations 
like Kiribati. However, initiatives like the 
Seabed 2030 project, which seek to map the 
world’s oceans by 2030, are helping to bring 
together countries and organizations to 
share resources and expertise. Additionally, 
open-source and low-cost technology 
solutions are becoming increasingly 
available, which can help to reduce the 
cost of technology and increase access 
to it. It’s important for Kiribati to fi nd the 
most aff ordable and accessible technology 
solutions that meet their needs and 
capabilities.

How is Kiribati working to educate and 
raise awareness about the importance 
of hydrography and the impacts of 
climate change on its waters?
In order to educate and increase awareness 
on the signifi cance of hydrography and 
the eff ects of climate change on Kiribati’s 

 From left to right: Robert Karoro (Kiribati), Diego Billings (Jamaica), John Nyberg (USA) and Tion Uriam 
(Kiribati) at the Eleventh Session of the United Nations Committee of Experts on Global Geospatial Infor-
mation Management, in New York, August 2022. (Image courtesy: NOAA)

 Updated hydrography of the Tabuaeran atoll in Kiribati, based on satellite-derived bathymetric data 
provided by TCarta.
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waters, workshops were conducted with representatives from 
various government departments. One of these workshops, held 
in November 2022, was in collaboration with our friends from the 
National Oceanic and Atmospheric Administration (NOAA), aimed 
at creating and engaging various stakeholders in developing a 
comprehensive action plan for managing geospatial data using 
the United Nations Global Geospatial Information Management 
Integrated Geospatial Information Framework (UNGGIM IGIF model). 
Recently, another workshop was conducted by Seabed 2030, 
resulting in the signing of a Memorandum of Understanding 
between my ministry (MICT) and Seabed 2030 on the sharing of 
data. 

How do Kiribati and other Pacific Island nations work with 
international organizations and other countries to exchange 
knowledge and best practices in hydrography?
Kiribati collaborates with international organizations and other countries 
by exchanging knowledge and best practices in hydrography through 
various initiatives, such as workshops and conferences. Additionally, 
there is a mentorship programme through the South West Pacific 
Hydrographic Commission where individuals can receive guidance and 
support from experienced mentors. In this case, Dr John Nyberg has 
served as a mentor, providing valuable assistance and support. 

Are there any other ways in which Kiribati and other 
countries in the Pacific are working to advance the field of 
hydrography and stay up to date with the latest technologies 
and techniques?
As I mentioned earlier, one way that Kiribati and other Pacific 
Island nations are advancing the field of hydrography is through 
participating in mentorship programmes. For example, Kiribati has 
participated in the South West Pacific Hydrographic Commission’s 
mentorship programme, where experienced hydrographers provide 
guidance and support to the next generation of hydrographers in the 
region. This type of programme allows for the exchange of knowledge 
and the sharing of best practices in the field, helping to ensure that 
countries in the Pacific stay up to date with the latest technologies 
and techniques in hydrography. 

Climate change is one of the most pressing issues facing the 
world today. What steps do you believe need to be taken by 
industrialized countries to mitigate the effects of climate 
change and avoid worst-case scenarios?
There is a very simple answer to this that says it all: I think it’s 
important that we all do our part, as we are all in this together. 

Do you have any final message or advice that you would like 
to share with the global hydrographic community, particularly 
regarding the challenges and opportunities facing Kiribati and 
other small island nations in the Pacific in the face of climate 
change and sea-level rise?
I truly am a firm believer in mentorship programmes: whether 
between individuals or organizations, we can benefit from learning 
from one another. Especially in our case, where we do not have the 
experience or expertise, a mentorship programme can be useful in 
bridging this gap. 

Tion Uriam is the national coordinator for hydrography 
and charting in the Marine Division of Kiribati’s Ministry of 
Information, Communications and Transport. He has a diverse 
academic background, including a diploma in Geospatial 
Science from the University of the South Pacific and a Bachelor’s 
of Applied Science in Surveying from RMIT University, and 
he also completed the GEBCO/Nippon Foundation Cat A 
programme at the University of New Hampshire. Uriam has 
over 15 years of experience working in the Kiribati government. 
He started as a GIS officer in the Ministry of Fisheries, then 
transitioned to become a land surveyor before his current 
position. As the national coordinator for hydrography and 
charting, he oversees the hydrography department – ensuring 
that Kiribati’s waters are safely chartered – and manages 
maritime safety and infrastructure development.

About Tion Uriam

 Attendees at the 
Kiribati national 
workshop on the 
Integrated Geospatial 
Information 
Framework in Betio, 
Kiribati, November 
2022.
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Shallow seabed mapping based 
on airborne Lidar bathymetry

Understanding and assessing the suitability of airborne Lidar bathymetry (ALB) for 

automatic seafloor mapping

Airborne Lidar bathymetry (ALB) is a modern measurement technology for 
obtaining rapid depth measurements in shallow underwater environments. The 
technique allows recording of the depth below the Secchi disk. ALB datasets are 
suitable for nearshore coastal mapping purposes, including the determination 
of submerged morphological bedforms and coastal protection structures. This 
article presents a novel methodological approach to understand and assess the 
suitability of ALB for the automatic classification and mapping of the seabed.

Human expansion into coastal areas and 
their intensive use for economic and 
recreational purposes require information 
on their state, evolution and functioning. 
Effective management of the coastal zone, 
making full use of its resources while 
ensuring the safety of people living in it, 
makes it crucial to monitor and map this 
zone, which is challenging from a technical 
and logistical point of view.

Shallow coastal mapping
Coastal mapping is one of the fundamental 
tools supporting coastal engineering. It is 
an important element in monitoring and 
assessing the condition of the shore and the 

coast and makes it possible to identify the areas that are most sensitive to erosion. Therefore, 
it enables the effective and economical management of coastal protection. In the case of 
protected shores, surveying makes it possible to verify the functionality and efficiency of the 
reinforcement applied, which further contributes to the improvement of engineering practice.

Bathymetric Lidar measurements can provide capability for the measurement of shallow coastal 
areas. Compared to acoustic systems, they allow for much faster surveys in shallow areas at a 
lower cost. A bathymetric laser scanner uses a green (532nm) beam to register the depth below 
the water surface. Compared to topographic scanners, this is characterized by higher power 
and lower laser pulse frequencies, due to the longer return time of the reflected echo beam.

The identification and classification of seabed geomorphology from remote sensing datasets 
can be performed manually, automatically or semi-automatically. Manual mapping is laborious 
and time-consuming and requires expertise by preferably one interpreter. Therefore, this 
study proposes a method for automatic mapping of the shallow seafloor based on ALB 
datasets for the Southern Baltic.

By Łukasz Janowski, Paweł Tysiąc and Agnieszka Kubowicz, Poland

 Figure 1: The study site and its location in Europe. Location of particular research areas N1–N4 (natural polygons) and A1–A2 (areas modified by 
anthropogenic pressure). Basemap: OpenStreetMap.
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Study sites and acquired datasets
The study area was located on the Polish coast of the Southern Baltic 
(Fig. 1). Six polygons along the coast were selected for the study, 
representing strips of the seabed extending from the shoreline to a 
depth of about 5.5m. Four of these areas have a natural environmental 
character and two (near the towns of Rowy and Ustka) have been 
anthropogenically modified. The developed processing methods were 
also applied to a 48km shoreline section of the Southern Baltic.

The study used ALB data from the Maritime Office in Gdynia (https://www.
umgdy.gov.pl/) via the SIPAM portal (https://sipam.gov.pl/). The data were 

in the form of bathymetry digital elevation models (DEMs), created using 
a registered point cloud in the .las data format. The measurements were 
obtained by OPEGIEKA with the following specifications: minimum average 
scanning density of 2x12.4 points/m², average point horizontal error (XY) 
of 0.02m and average point vertical error (H) not exceeding 0.07m. The 
resulting model in the form of a terrain model is presented in Figure 2.

Manual classification of the bedforms
The spatial extents of nine types of bedforms and three types 
of anthropogenic structures were separated manually based on 
interpretation and analysis of the ALB by qualified geomorphologists. 
The analysis was supported by additional investigations of the 
seafloor relief and interpretation of depth, slope and aspect 
(including delineation of edges, slope bases, bedform ridges and 
trough form axes). Thus, 13 classes of objects were distinguished:  
artefacts, undulating bed, undulating bed with artefacts, plain bed, 
plain bed with artefacts, other irregularities, uneven trough bed, 
linguoid (tongue-shaped) ripples, straight or sinuous ripples, groynes, 
submerged breakwaters, artificial reef modules and peat.

Automatic processing of the ALB datasets
The ALB bathymetry allowed the extraction of a total of 21 attributes, 
such as slope, aspect, rugosity and curvature, plus more advanced 
attributes such as geomorphons or multi-resolution ridge top 
flatness (MrRTF). These were subjected to a feature selection 
algorithm whose results were further used for classification.

Ground-truth control points were generated based on manual 
classifications and a random process. They were separated for 

Łukasz Janowski holds a PhD in 
Earth Sciences. He has been an 
adjunct at the Maritime Institute, 
Gdynia Maritime University since 
2019 and has authored several 
articles and conference proceedings. 
His research interests include remote 
sensing, object-based image analysis, 
geographic information systems, 
underwater acoustics, marine 
geology, geomorphology and benthic 
habitat mapping.

Paweł Tysiąc specializes in the use 
of devices that record images in 
space. These methods allow for the 
remote acquisition of information 
about the measured object and 
the development of a number of 
analytical methods to improve the 
safety of people and the environment. 
 
Agnieszka Kubowicz holds a PhD 
degree in Earth Sciences. She has 
been an adjunct at the Institute of 
Oceanography, University of Gdańsk 
since 2012. Her main research 
interests include coastal engineering, 
marine geology and geomorphology.

About the authors

 Figure 2: Example section of the ALB dataset provided by the Maritime Office in Gdynia. A: Lidar point cloud classification, ground 
level; B: Intensity reflection of an ALB point cloud; C: Digital model of the terrain (coloured by height).

 Figure 3: Result of MrRTF feature extraction of the ALB with close-ups for 
sample sections of the shoreline (Southern Baltic). Black lines with numbers 
1–3 represent manually delineated sandbar crests. Basemap: OpenStreetMap.
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training and test samples and used as input for supervised classifiers. 
Automatic delineation and classification of the bedforms were carried 
out using geographic object-based image analysis (GEOBIA). This 
allows the segmentation of the remote sensing images (useful for 
delineation of the coverage of structures) and classification based 
on previously generated ground-truth datasets. All algorithms may 
be used in a semi-automatic way, to reach objective results. This 
study tested several segmentation and classification algorithms and 
selected the ones with the best results. The performance of the 
classifiers was measured using typical statistics such as producer’s, 
user’s and overall accuracy.

Performance of proposed predictors and machine learning 
classifiers
Analysis of the feature selection confirmed that all attributes were 
important for automatic classification, so all of them were used 
as inputs for the analysis. Initially developed for hydrology, MrRTF 
emerged as a good predictor for sandbar crests and tops of smaller 
bedforms such as megaripples, so was suggested as a potential 
diagnostic for the determination of such nearshore bedforms (Fig. 3).

This study proved that the random forest (RF) classifier is 
appropriate for the precise automatic classification of bedforms 
and anthropogenic structures based on ALB measurements. RF 
had the highest performance of all the classifiers that were tested. 
Overall comparison of its results with manual classifications showed 
a good agreement for all major types of bedforms (Fig. 4). The same 
algorithm performed well in more complex areas with a mixture of 
natural bedforms and anthropogenic structures on the seabed (Fig. 

5), as well as the 48km-long nearshore environment of the Southern 
Baltic. The accuracy in all scenarios varied between approximately 
75% and 91%, with a median of 84%. A stand-alone expert opinion 
showed that the resulting divisions are feasible and correct.

Will automatic classification replace manual interpretation?
The presented research covers various aspects of determining and 
evaluating automatic mapping methods based on ALB datasets. 
Nine types of bedforms and three types of anthropogenic structures 
occurring in the nearshore zone of the Southern Baltic were 
distinguished, proving the suitability of high-resolution ALB datasets 
for automatic mapping of the nearshore zone. The extraction of 
the MrRTF can be efficiently applied to the automatic delineation 
of sandbar crest courses, which are of high importance for coastal 
protection. Spatial coverage of the ALB presented in this study shows 
that there is still a potential for improvement in the precision and 
penetration range of bathymetric laser scanner measurements. 
Although many geomorphometric attributes were tested, secondary 
features from other sources or at other spatial scales may improve 
the classification performance. Therefore, while there is still room for 
further progress, significant advances have been made in the field. 

Further reading
Janowski, L., Wroblewski, R., Rucinska, M., Kubowicz-Grajews-
ka, A., & Tysiac, P. (2022). Automatic classification and map-
ping of the seabed using airborne Lidar bathymetry. Engi-
neering Geology, 301, 106615. doi: https://doi.org/10.1016/j.
enggeo.2022.106615
This research was funded in whole by the National Science 
Centre, Poland [Grant number: 2021/40/C/ST10/00240]

 Figure 4: Comparison of the manual (left) and random forest (right) 
results of automatic classification for natural areas. Basemap – supporting 
orthophotomap from the same flight survey.

 Figure 5: Comparison of the manual (left) and random forest (right) results 
of automatic  classification for anthropogenically modified areas. Basemap – 
supporting orthophotomap from the same flight survey.
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Operationalizing underwater 
hyperspectral imaging for blue 
carbon solutions

Providing a step change in ground-truthing hydrographic, aerial and satellite data

Much remains unknown about the benthic ecosystem that the blue economy 
depends on, and improved benthic habitat mapping is key to the sustainable 
development of the blue economy. While remote sensing technologies have 
achieved much, in situ (or near in situ) observation has lagged behind. With 
its underwater hyperspectral imaging (UHI) surveying platform and AI-driven 
automated data processing system, Bremen-based technology startup planblue 
is taking in situ observation to the next level.

After fi ve years of system and product development, planblue 
GmbH is ready to off er its seafl oor mapping products to the market. 
Planblue’s journey started in 2017, when it was founded as a spin-off  
of the Max Planck Institute for Marine Microbiology by four young 
scientists and engineers who shared a passion for diving. They 
understood that hyperspectral sensor technology combined with 
AI-driven data processing had the potential to replace the manual 
observation of benthic habitats by divers and subsequent subjective 
and time-consuming interpretation of the survey data with an 

objective and automated technology solution. Planblue’s approach 
won it support from, among others, the EU’s Climate-KIC Accelerator 
Programme and the European Space Agency’s Business Incubator 
Programme, and in 2018 it was the overall winner of the Galileo 
Masters, the global innovation competition scouting for cutting-edge 
solutions using satellite navigation data. The fi rst angel investors 
joined the company that same year, and two Seed Investment 
Rounds followed.

The DiveRay – innovating seafl oor mapping
Central to planblue’s seafl oor mapping products is the survey data 
collected with its surveying platform that combines a UHI sensor 
and a 5.3K RGB camera with planblue’s proprietary underwater 
navigation solution. The fi rst operational version of this platform, 
the DiveRay, is diver-operated with the next, autonomous version 
planned to be operational later this year. Operating the DiveRay 
requires no specialized surveying training and can be carried out 
by the customer. Planning and executing a dive does not require 
laying down transect lines. Instead, a dive is planned using the 
FieldGuide (a mobile app shipped pre-installed on a tablet together 
with the DiveRay), and the DiveRay’s display guides the diver along 
the planned survey track during the dive. At the end of each dive, the 
DiveRay connects to the FieldGuide and the survey data is uploaded 
to planblue’s cloud-based processing facilities. It is also possible to 
immediately review the quality of the collected data and resurvey if 
required.

A hyperspectral treasure chest
In addition to the essential data gathered with its RGB camera, 
the DiveRay’s UHI sensor delivers the real step change in seafl oor 
mapping. It covers the 400–700nm spectral range with 150+ 
channels. The insights that can be derived from the spectral  The DiveRay in action.
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responses in so many and such narrow 
spectral bands create a genuine treasure 
chest of data. So far, a wide variety of 
hyperspectral sensor applications have 
demonstrated this ‘above’ water, but 
underwater the distorting eff ect of the 
water column between the sensor and 
the target poses a signifi cant challenge. 
Reducing the water column length to 
close to zero is one way to overcome this 
challenge. However, this also causes a 
reduction of the swath width to a scale that 
may be suffi  cient for inspecting underwater 
welds, but is incompatible with the benthic 
ecosystem mapping envisioned by planblue. 
A signifi cant amount of the hard work of the 
past fi ve years went into overcoming this 
challenge by developing and implementing 
algorithms to fi lter out this eff ect, so that 
planblue’s DiveRay can now operate at up to 
2.5m above the seafl oor.

Blue carbon solutions 
Once planblue had built its fi rst prototype 
of the DiveRay, it started demonstrating 
how its survey data could be used in 
diff erent applications, from detecting plastic 
waste to mapping coral reef biodiversity 
to identifying underwater constructions. 
In parallel, the company’s business team 
explored the market potential of the wide 
range of possible applications, and in 
2022 the decision was made to focus the 
fi rst generation of data products on the 
blue carbon market. These products are 
focused on mapping the extent and density 
of seagrass meadows and estimating the 
amount of carbon stored in them. This 
information is essential to the quantifi cation 
and validation of the carbon credits that 
could be generated by seagrass preservation 
and restoration projects. Whereas seagrass 
extent and density can also be derived from 
hydrographic, aerial and satellite surveys and 
estimates of the carbon stored are being 
made based on this data, ground truthing of 
this remote sensing data remains essential. 
Besides in situ (or near in situ) observations 
with at best RGB cameras, ‘coring’ (i.e. digging 
out sections of the seagrass for lab analysis) 
is required. It is here that UHI data enables 
a step change, as insight into the health and 
photosynthesis levels of the seagrass can be 
established in a non-destructive manner.

Whereas planblue’s fi rst data products were 
developed with blue carbon off set projects 
in mind, they are just as relevant in the 

traditional coastal management and marine 
conservation markets. The interest that 
planblue has received from the geospatial 
industry is testament to this.

What’s next?
Planblue is continuing the development 
of its survey platforms and data products 
along three main axes. Besides the already 
mentioned development of an autonomous 
version of the DiveRay, planblue is looking to 
extend the spatial coverage of its products 
beyond areas surveyed with its own survey 
platforms by adding the data fusion with 
hydrographic, aerial and satellite data to its 
own processing facilities. At the same time, 
the company is looking into new products 
that can be derived from the same UHI 
data it is already collecting, for instance 
marine benthic vegetation classifi cation 
(relevant to biodiversity credits) or plastic 
waste identifi cation. Planblue’s continued 

 The DiveRay being worked on in planblue’s workshop.

 Artist’s impression of planblue’s products.

innovation was recognized in January this 
year when it was selected as top innovator 
in the Ocean Data Challenge from UpLink, 
the open innovation platform of the World 
Economic Forum.

Another next for planblue in 2023 is 
delivering its fi rst data products to 
commercial customers and, closely linked 
to this, a Series A funding round to support 
the scaling up that commercial operations 
will require. To date, the company has raised 
over €7m in grant and equity funding from 
(among others) renowned VCs and the 
prestigious European Innovation Council’s 
Accelerator. 
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Multibeam echosounders (MBESs) for shallow water have gone through an evolution in recent 
years. There have been significant improvements in accuracy, frequency options and larger 
swath angles, while falling costs are resulting in a growing choice of less-expensive multibeam 
echosounders.

Product survey: shallow-water 
multibeam echosounders
Compare the most relevant product characteristics

Questions and technical challenges will inevitably arise during 
surveying, but selecting the right system can help you to mitigate 
the risk of unnecessary project delays, thus saving you time and 
money. This product overview therefore lists a selection of multibeam 
echosounders for shallow-water* use that are currently available on 
the market. We have selected five characteristics to make it easy for 
you to compare their key features. 

5 features to consider when selecting a shallow-water 
multibeam echosounder

1. Type of system: interferometric versus beam-forming 
There are two types of multibeam echosounders: interferometric and 
beam-forming. Most interferometric systems are used to cover wide 
swathes of bottom in very shallow water with reasonable accuracy. 
Some interferometric multibeam systems are derived from sidescan 
sonar systems, while others are specifically designed for bathymetry. 
Beam-forming multibeam echosounders form directional beams and 
can usually achieve a higher accuracy while covering smaller swathes 
of bottom. In general, interferometric systems are somewhat less 
expensive than beam-forming multibeam echosounders.

2. Frequency
Due to underwater acoustics, a high-frequency system will have 
a smaller range than a low-frequency system. However, a high-
frequency system can, at a given size, produce a smaller beam angle 
than a low-frequency system.

For highly detailed, close-range bathymetry, a high-frequency system 
will give the best results in a relatively small form factor. 
For full-ocean-depth bathymetry, a low frequency needs to be 
chosen. 
In general, shallow-water MBESs operate at a frequency of between 
100 and 700kHz. In this case, the beam reflects off the surface of the 
sea bottom but generally does not penetrate it.

To counteract frequency limitations, most manufacturers now offer 
shallow-water MBESs that are frequency-selectable or are able to run 
multiple frequencies at the same time.

*By ‘shallow water’, we mean depth ranges to 200 metres. 

3. Water column data
Many modern MBES systems offer water column data as an option. 
With this technique, the water column of each beam is divided into 
a number of ‘bins’. The MBES looks for a return within each bin for 
each beam for each ping. This allows the MBES to measure multiple 
reflections and thus create 3D images of objects in the water column 
(or to see the bottom through, for example, vegetation). Some 
manufacturers support multi-frequency in combination with water 
column data, allowing even more objects to be positively detected.

4. Backscatter
Backscatter is the amount of signal returning from the bottom. More 
or less signal will be received depending on the type of material, 
thus allowing object and bottom classification. Most modern MBES 
systems have the option to receive backscatter data together with the 
depth information and show a sidescan sonar-like image. This option 
can also work together with multi-frequency transmission, allowing 
backscatter to be collected at different frequencies simultaneously.

5. Motion compensation
Integration of an inertial measurement unit (IMU) with the MBES 
allows for direct compensation of the multibeam image and is often 
advertised as not needing any calibration. By that, most manufacturers 
mean that there is no additional calibration required between the 
MBES and the IMU. However, a calibration between the MBES/IMU and 
other systems may still be required to obtain good positioning data.

Other considerations
Besides the technical specifications, other considerations include 
the level of training and support, additional hardware (e.g. mounting 
systems, IMU and sound velocity profiler), collection and processing 
software, and the possibility to rent, lease or buy the system.

Filter and compare these and other multibeam echosounders 
on Geo-matching
This product survey is based on a selection of the shallow-water 
multibeam echosounders available on Geo-matching.com. For a 
more comprehensive product overview, more detailed specifications 
and the newest case studies and product videos relating to these and 
other multibeam echosounders as well as other surveying hardware 
and software, go to Geo-matching.com. For extra insights, the 
website also makes it easy to compare all the currently listed market 
options based on your preferred filter settings.
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Manufacturer ITER Systems ITER Systems Ping DSP GeoAcoustics 
Ltd Baywei Exail Hydro-Tech

Model Bathyswath-3 
ALPHA {B3A}

Bathyswath-3 
SIGMA {BS3} 3DSS-iDX GeoSwath 4 

500 kHz M5 Seapix C MS400U

General
Date of fi rst 
release

2023 2023 2018 2016 2021 2013 2021

Used Sonar 
Methods
Sonar type Interferometric Interferometric Interferometric Interferometric Beam-forming Beam-forming Beam-forming

System 
Parameters
Available 
frequenties

Simultaneous 
multiple 
frequencies

Max. depth [m]

Max. swath as 
a function of 
depth

Max. pings / 
second 

High resolution 
mode

Ping frequency 
[Hz]

Min. beam width 
across track 
[deg]

Min. beam width 
along track [deg]

Number of 
beams 

Pulse length

250-500-1000 
kHz

Yes

250

12

50

Higher 
frequency is 

higher 
resolution

50

Unknown

0.25

Thousands of 
points

Adjustable 
from 2 to 500 
cycles (period 

of sonar 
frequency)

250 kHz or 450 
kHz or 450-

900-1600 kHz

Yes

250

12

50

Higher 
frequency is 

higher 
resolution

50

Unknown

0.25

Thousands of 
points

Adjustable 
from 2 to 500 
cycles (period 
of sonar fre-

quency)

450 kHz

No

75

16

50

Yes

50

0.25

0.4

1024

22 
microseconds

125 kHz, 250 
kHz, 500 kHz

No

200

12

30

Yes

30

0.5

0.5

2

User selectable

400-550 kHz

No

200

130

50

Setup 
dependent

Unknown

1

1.45

256

Unknown

145-155kHz

Unknown

600

Unknown

256

7.5cm

25

1.6

1.6

256

[0.1ms-20ms]

400kHz

No

150

143

512

Yes

60

1

2

512

15μs ~ 8ms

Bottom 
Coverage
Equi-angular/
equi-distant

Watercolumn
Backscatter

Equi-angular 
and equi-

distant
Yes
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Multiselect

No
No

Equi-angular 
and equi-

distant
Yes
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Motion 
compensation
Motion 
stabilized

Yes Yes Yes Yes Yes Yes Yes
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Manufacturer Kongsberg 
Maritime

Kongsberg 
Maritime

Kongsberg 
Maritime

Seafl oor 
Systems, Inc.

Teledyne 
Marine

Teledyne 
Marine

Model EM 2040C Dual 
(MKII)

EM 2040P 
(MKII) M3 Sonar SeaRay SeaBat T51-R MB2

General
Date of fi rst 
release

2010 2016 2011 2022 2021 2015

Used Sonar 
Methods
Sonar type Beam-forming Beam-forming Beam-forming Beam-forming Beam-forming Beam-forming

System 
Parameters
Available 
frequenties

Simultaneous 
multiple 
frequencies

Max. depth [m]

Max. swath as 
a function of 
depth

Max. pings / 
second 

High resolution 
mode

Ping frequency 
[Hz]

Min. beam width 
across track 
[deg]

Min. beam width 
along track [deg]

Number of 
beams 

Pulse length

200-700 kHz, 
200-400 kHz in 

10 kHz step

Yes

520

10

50

Yes

50

1

1

2048

Shortest pulse 
length 14 

microseconds

200-700 kHz

Yes

600

7.5

50

Yes

50

0.6

0.6

1024

Shortest pulse
length 14

microseconds

500 kHz or 
700-1400 kHz

No

150

175

40

Yes

40

0.95

3

256

CW-FM

450-550 kHz

No

300

130

50

550kHz

50

1

1.45

256

Adaptive

350-800 kHz

Yes

300

170

50

700-800 kHz

800

0.5

0.25

1024

30-300 CW

200 - 460

Unknown

200

140

Unknown

Unknown

60

Unknown

Unknown

256

Unknown

Bottom 
Coverage
Equi-angular/
equi-distant

Watercolumn
Backscatter

Equi-angular 
and equi-

distant
Yes
Yes

Unknown

Yes
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Equi-angular 
and equi-

distant
No
Yes

Equi-angular

Yes
Yes

Equi-angular 
and equi-

distant
No
No

Motion 
compensation
Motion 
stabilized

Yes Yes No Yes Yes Yes
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Manufacturer Tritech WASSP Edgetech  NORBIT 
Subsea Tritech South 

Surveying

Model Gemini 620PD S3 6205s2 WINGHEAD 
i77h

Super SeaKing 
Profi ler T400

General
Date of fi rst 
release

2014 2021 2021 2020 2012 T400

Used Sonar 
Methods
Sonar type Beam-forming Beam-forming scanning sonar 

/ profi ler 
scanning sonar 

/ profi ler 
scanning sonar 

/ profi ler 
Scanning sonar 

/ profi ler 

System 
Parameters
Available 
frequenties

Simultaneous 
multiple 
frequencies

Max. depth [m]

Max. swath as 
a function of 
depth

Max. pings / 
second 

High resolution 
mode

Ping frequency 
[Hz]

Min. beam width 
across track 
[deg]

Min. beam width 
along track [deg]

Number of 
beams 

Pulse length

620kHz

No

120

Unknown

Unknown

No

5-50Hz

Unknown

Unknown

256

25 - 200μs 
(range 

dependent)

80 from 120-
200kHz

Yes

350

3.5

100

1-20 meters of 
depth

Unknown

3.6

2.6

224

Automatic

520/850 kHz, 
520/1600 kHz

Yes

50

12

800

No, but user 
has control 

over  “Binning” 
parameter 

and sounding 
spacing/reso-

lution
60

1

0.5

800

520 kHz: 0.25 
ms - 3.7 ms; 

850 kHz: 0.15 
ms - 2.4 ms

200-700kHz

Yes

100

210

1450

Yes

60

0.5

0.9

1024

6400 micro sec

1100kHz & 
600kHz

No

80

Unknown

Unknown

Yes, software 
selectable scan 

resolutions

Unknown

Unknown

Unknown

Single Beam 
(360 degree 

scanning)
25 - 200μs 

(range 
dependent)

400k hz

Yes

150

140

60

0.75cm

60

2

1

512

17μs -2ms

Bottom 
Coverage
Equi-angular/
equi-distant

Watercolumn
Backscatter

Software 
selectable

No
No

Equi-angular

Yes
Yes

Equi-angular 
and equi-

distant
No
Yes

Equi-angular 
and equi-

distant
Yes
Yes

Unknown

No
No

Equi-angular

Yes
Yes

Motion 
compensation
Motion 
stabilized

Yes Yes No Yes Yes Yes
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Bathyswath-3 ALPHA (B3A)
Bathyswath-3 ALPHA (B3A) 
has an integrated module for 
mounting on a pole over the 
side of a boat, including INS for 
motion sensing, GNSS for measuring 
position, a sound velocity sensor and 
an integrated single-board computer to aid 
integration with external software packages.

Manufacturer: ITER Systems

3DSS-iDX
The 3DSS-iDX utilizes SoftSonar 
electronics acoustic transducer 
array technologies and advanced 
signal processing techniques 
to produce high-quality swath 
bathymetry and 3D sidescan imagery 
in a compact survey package. 
The iDX-450 integrates SVT and MRU 
sensors into the sonar head and a dual receiver 
GNSS into the advanced sonar interface unit (SIU) to form 
a turnkey sonar/INS system for high-accuracy shallow-water 
surveying.

Manufacturer: Ping DSP 

M5
Baywei M5 is an integrated, 
robust, easy-to-use, shallow-
water MBES. This bathymetric 
sonar was built on the 
components of market leading 
sonar, GNSS/IMU, and SVP developers, 
which guarantees high-quality data. The 
integration of the IMU and the SVP into the 
sonar head minimizes the installation time and the 
off set error risks. The weight of the head in the water is only 
1.1kg.

Manufacturer: Baywei 

Bathyswath-3 SIGMA (B3S)
Bathyswath-3 SIGMA (B3S) has 
been designed for applications 
that need a small sonar package. 
It is suitable for small USVs or small 
boats. Three diff erent transducers 
are available: 250 kHz (single freq.), 450 
kHz (single freq.) and 450-900-1,600 kHz 
(multifrequency). In mid-2023, it will be possible 
to add a GNSS board, motion sensor and SVS sensor 
inside the housing.

Manufacturer: ITER Systems

GeoSwath 4 500 kHz
GeoSwath 4 provides 
simultaneous swath bathymetry 
and sidescan sonar mapping for 
shallow waters and AI-powered 
processing for high-quality data in 
near real time. The system comprises 
a dual transducer head with versatile 
mounting options and deck unit with all 
sonar electronics and a high-spec PC running 
the GS4 software for acquisition, calibration and data 
processing.

Manufacturer: GeoAcoustics

SeapiX-C
SeapiX-C is a solid-state 
multibeam sonar that provides 
unique, highly accurate and 
real-time georeferenced static 
bathymetry capabilities for high-
precision marine works. Providing 
more effi  cient and fl exible operations, 
as well as increased safety, SeapiX-C is a 
valuable seabed mapping solution that enables 
instant monitoring and situational decision-making. Perfect 
for marine works, it already benefi ts from a track record 
in challenging jack-up barges deployments and dredging 
operations.

Manufacturer: Exail 
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MS400U
The MS400U is a compact 
multibeam echosounder 
designed for USVs and other 
uncrewed platforms. It has a 
built-in sound velocity sensor and 
IMU & GNSS, comparable to Applanix 
SurfMaster. It is available in a round or 
square shape to match USVs’ moonpool 
design. It has an anti-corrosion titanium housing and is 
available to work at 50m depth.

Manufacturer: Hydro-Tech

M3 Sonar
The innovative design of the 
M3 Sonar uses two sets of 
complementary transducers 
which allow it to generate both 
imaging and bathymetric data with 
the same head. Unique to the M3 
Sonar is the patented eIQ (enhanced 
image quality) mode of operation that 
generates multibeam images with very high 
clarity.

Manufacturer: Kongsberg Maritime 

SeaBat T51-R
The SeaBat T51-R has an 
800kHz sonar for high-detail 
surveys while still maintaining up 
to seven times water depth survey 
effi  ciency. It comes with a fl exible 
350–430kHz lower frequency range, 
intended for surveys where extended 
range performance is required and provides 
a fl exible solution for all applications.

Manufacturer: Teledyne Marine 

EM 2040C Dual (MKII)
The EM 2040C MKII is a 
shallow-water multibeam 
echosounder based on EM 
2040 technology, suitable for any 
high-resolution mapping and inspec-
tion application. With the release of the 
EM 2040 MKII series, Kongsberg Maritime 
has upgraded the hardware and software to 
increase the swath and improve the data quality of the 
EM 2040 series.

Manufacturer: Kongsberg Maritime 

SeaRAY
The SeaRAY is a compact 
multibeam sonar system 
designed for various 
hydrographic survey applications. 
Its compact footprint allows for 
simple integration on uncrewed 
surface vessels and it can be mobilized 
into ponds, lakes, rivers and dredge pits. 
A hydrodynamic, energy-effi  cient design makes 
best use of battery power, prolonging survey longevity in 
the fi eld. Data acquisition software included.

Manufacturer: 
Seafl oor Systems

MB2
The MB2 multibeam echo-
sounder is developed for fast 
mobilization on small vessels 
and is optimized for shallow water 
survey companies, port and harbor 
authorities, dredging companies, and 
other users looking for an easy-to-use 
and quick-to-deploy high-resolution system.

Manufacturer: Teledyne Marine 
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Gemini 620pd
The Gemini 620pd benefi ts 
from the latest technological 
advances in signal processing. 
It produces high-performance 
bathymetry data, which is in turn 
output to industry-recognized survey 
packages for processing. Designed for 
remotely operated vehicle (ROV) mounting, the 
Gemini 620pd is manufactured in titanium and rated 
to an operational depth of 4,000m.

Manufacturer: Tritech 

6205s2
The 6205s2 is EdgeTech’s 4th 
generation fully integrated 
wide swath bathymetry and 
dual frequency sidescan sonar 
system that produces real-time 
high-resolution sidescan imagery 
and three-dimensional maps of 
the seafl oor. EdgeTech’s multi-phase 
echosounder (MPES) technology is a hybrid 
approach that utilizes multiple receive arrays and 
combines beamforming and phase diff erencing techniques 
to determine each sounding along the seafl oor.

Manufacturer: EdgeTech 

Super SeaKing Profi ler
The Super SeaKing dual-fre-
quency profi ler uses the latest 
technological advances available 
in transducer design. A composite 
transducer technology has been 
used to ensure that this sonar off ers 
substantially increased range and image 
resolution.

Manufacturer: Tritech 

S3Pr Portable MBES
A full turnkey solution with all 
required sensors for RTK GNSS 
for heading, position and heave, 
INS for pitch and roll and mini SVS 
for sound velocity. It provides the 
power and accuracy you would expect 
from a complete, portable professional sur-
vey system. This comes packed in two Pelican 
cases with an adjustable and removable ‘over-the-side’ 
pole-mounting kit for a range of mounting options.

Manufacturer: WASSP 

WINGHEAD i77h
The NORBIT WINGHEAD i77h is 
a compact ultra-high-resolution 
curved array broadband 
multibeam sonar off ering 
integration with GNSS/INS (Applanix 
OceanMaster), and is designed for 
demanding operational environments 
such as under bridges or in rough sea 
conditions. It has a small form factor, low power 
draw and tight integration and can be installed on surface 
survey platforms ranging from small USVs to large vessel 
permanent hull mounts.

Manufacturer: NORBIT Subsea 

T400
The T400 is an intelligent, 
integrated and high-precision 
multibeam echosounder 
system. Its compact design can 
be operated by one person and 
it is suitable for USV, ROV and AUV 
platforms. 512 sounding beams ensure 
high-precision measurement result. It does 
not need calibration because of the built-in IMU 
receiver, and it can work from a battery because of its low 
power consumption. It is small, lightweight and cost-eff ective. 

Manufacturer: 
SOUTH Surveying & Mapping
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Women power NOAA 
hydrography

Navigating the field and reaching leadership positions

The role of women in hydrography is increasing worldwide. In 2022, NOAA 
participated in the international Empowering Women in Hydrography 
(EWH) programme initiated by Canada and the International Hydrographic 
Organization, by sponsoring three early career hydrographers for underway 
experience aboard NOAA hydrographic ships.

Selected from respondents to a global call 
for nominations, the three participants spent 
time aboard NOAA ships during the 2022 
field season. Sub-Lieutenant Mercy Modupe 
Ogungbamila from the Nigerian Navy joined 
NOAA Ship Rainier from 5 to 15 July for ship 
and launch surveys in Guam and the Mariana 
Islands: “I was happy to participate in three 
survey teams which comprised seasoned 
survey technicians, scientists and NOAA 
Corps officers. This afforded the knowledge 
of various approaches to the survey as each 
team was tasked with different areas of Apra 

Harbor,” said Sub-Lt Ogungbamila. Chiaki Okada from the Hydrographic and Oceanographic 
Department, Japan Coast Guard, joined NOAA Ship Thomas Jefferson for ship and launch 
surveys from 25 July to 6 August in Lake Erie, one of North America’s Great Lakes. Chiaki came 
to the ship with deep-water mapping experience from the Japan Coast Guard, following her 
ocean mapping graduate fellowship experience at the Nippon Foundation/GEBCO Training 
Program at the Center for Coastal and Ocean Mapping/Joint Hydrographic Center (CCOM/
JHC), University of New Hampshire (UNH). Firosa Tomohamat from Suriname’s Maritime 
Authority joined NOAA Ship Thomas Jefferson for launch and ship hydrography from 8 to 26 
August, also in Lake Erie. In her log from the experience, Firosa noted: “…there were a lot of 
women with different roles aboard. It was a big inspiration and motivation for me….”

Like Firosa Tomohamat, NOAA is enthused by the success of the first year, and therefore 
plans to host women hydrographers similarly during the 2023 and 2024 field seasons. 

By Andrew Armstrong and Alexis Maxwell, NOAA, United States

 Cdr Briana Hillstrom taking command of NOAA Ship Thomas Jefferson. (photo credit John Kidd, NOAA)
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Key hydrographic roles
NOAA is well-positioned to continue its leading role in the EWH 
programme, because women power NOAA hydrography as leaders 
in key hydrographic roles throughout the agency. A common factor 
for many of these outstanding women is their technical expertise 
in hydrography and ocean mapping developed at the NOAA-
sponsored CCOM/JHC at the University of New Hampshire. The 
Graduate Programme in Ocean Mapping at UNH is recognized as a 
Category A education programme in hydrography by the FIG/IHO/ICA 
International Board on Standards of Competence for Hydrographic 
Surveyors and Nautical Cartographers.

Commander Briana Hillstrom is an extensively experienced NOAA 
hydrographer who completed the Category A Master’s degree 
programme at UNH in 2014. She has been an NOAA Commissioned 
Corps Officer and hydrographer for over 19 years, with over nine of 
those years in sea assignments on all four of NOAA’s hydrographic 
ships – Rainier, Fairweather, Ferdinand R. Hassler and Thomas Jefferson – 
conducting hydrographic surveys on both coasts of the United States 
as well as the Gulf of Mexico, Caribbean and Artic; and commanding 
Ferdinand R. Hassler and Thomas Jefferson.

Cdr Hillstrom is the Chief of NOAA’s Hydrographic Surveys Division. In 
her current role, she leads the Office of Coast Survey’s hydrographic 
survey programme, with responsibility for planning, managing and 
reviewing hydrographic surveys from NOAA ships and contractors as 
well as checking volunteered, externally sourced data against quality-
based specifications and standards for nautical charting and other 

value-added mapping products. Cdr Hillstrom is giving back to the 
hydrographic community and to hydrographic education by sharing 
her expertise as a member of the US Hydrographic Certification 
Board and by delivering guest lectures on hydrographic operations 
and careers to UNH’s new undergraduate ocean mapping class 
– taught by recent UNH Ocean Mapping PhD graduate Elizabeth 
Weidner – in the university’s Mechanical and Ocean Engineering 
department.

Several women in branch chief and team leader positions support 
Cdr Hillstrom in the Hydrographic Surveys Division. Christina Fandel, 
also a Category A programme graduate of the UNH programme, 
is chief of the division’s Operations Branch, overseeing teams with 
responsibility for setting hydrographic survey priorities, developing 
survey specifications and plans and overseeing the agency’s contract 
surveys. Before taking her present position, she was a leader 
in developing Coast Survey’s Hydro Health concept, which uses 
quantitative methods to establish surveying and mapping priorities 
for NOAA’s ships and contract surveys. 

Modern hydrography powered by women
The Coast Survey hydrography programme has embarked on 
a major overhaul in the management of bathymetry for the 
electronic navigation chart. This overhaul is built around the 
National Bathymetric Source (NBS), intended to be the authoritative 
bathymetry for nautical charting in the United States. Instead of 
compiling charts from individual hydrographic surveys, and resolving 
junction, overlap, datum and supersession issues during chart 
compilation, the bathymetry for charting would come from a single 
unified and comprehensive digital elevation model built from the best 
available source data. Katrina Wyllie, another NOAA UNH Category 
A graduate, developed the criteria for establishing the most reliable 
source data and is the team leader of the group in the Hydrographic 
Surveys Division building and maintains the NBS.

Lieutenant Airlie Pickett, a NOAA Corps hydrographer with 
operational hydrography experience on NOAA Ship Rainier and NOAA 
Ship Thomas Jefferson and a recent scientific ocean mapping cruise on 

Andrew Armstrong
Andrew Armstrong is the NOAA co-
director of the NOAA/University of New 
Hampshire Joint Hydrographic Center, 
a national and international centre 
of excellence in hydrographic survey 
and ocean mapping technology and 
education. Throughout his NOAA career, 
he has specialized in hydrographic 
surveying and seafloor mapping.  

Alexis Maxwell
Alexis Maxwell is a communications 
and international policy specialist 
at NOAA’s Office of Coast Survey. 
In this capacity, she supports policy 
and planning processes related to 
international governance in bilateral 
and multilateral settings, supports 
leadership in decision-making 
processes on programme and 
policy issues, and supports a range 
of communication and outreach 
materials.

About the authors

 Lt Airlie Pickett aboard a NOAA Ship Rainier survey launch in Hawaii. 
(photo credit NOAA)
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the Ocean Exploration Trust E/V Nautilus, is 
one year into the intensive three-year CCOM/
JHC Category A Master’s in Ocean Mapping 
programme. Her research at UNH draws 
on experience with UNH’s DriX uncrewed 
surface vessel (USV) on the Nautilus cruise 
and will focus on developing protocols for 
incorporating multibeam-equipped USVs into 
the daily operations of NOAA hydrographic 
survey ships and shore-based navigation 
response teams.

Coast Survey hydrography, with its home 
in NOAA’s National Ocean Service, focuses 
mainly on surveys in water depths critical to 
safe navigation and coastal resilience. NOAA 
Ocean Exploration, part of NOAA Research, 
carries out ocean mapping and exploration 
projects in deeper waters of the United 
States and in international waters.

Rachel Medley is chief of the Expeditions 
and Exploration Division in NOAA Ocean 
Exploration, providing guidance and strategic 
direction to explore and enhance the public’s 
knowledge in the marine environment. 
Before joining NOAA Ocean Exploration, she 
worked in NOAA’s Coast Survey for 12 years, 
gaining expertise in charting, hydrographic 
surveying and outreach to communicate 
NOAA’s navigation products and services. At 
Coast Survey, she completed the Category A 
Master’s degree in Ocean Mapping at UNH 
in 2009. The Expeditions and Exploration 
Division focuses on at-sea mapping and 
exploration operations using a variety of 
platforms, sensors and technologies. Her 
position requires proactive engagement to 
develop and advance strategic partnerships 
to achieve a broad impact on the 
hydrographic and scientific communities, 
domestically and internationally. “As a 
leader in NOAA, I am pleased to support 
and foster an inclusive workplace through 
the development of others, facilitating 
cooperation and teamwork, supporting a 
safe, secure and productive workplace and 
enhancing professional development.”

Working with Rachel, Shannon Hoy is 
the lead expedition coordinator in the 
Expeditions and Exploration Division. She 
completed the UNH Category A Master’s 
in Ocean Mapping in the spring of 2022. 
In her role as lead expedition coordinator, 
she is responsible for planning, executing 
and evaluating NOAA Ocean Exploration’s 
multidisciplinary expeditions. A recent 

example of the impact she is having 
on the hydrographic community is her 
collaboration on the development of the 
Ocean Mapping Community Wiki with 
colleagues representing academia, industry 
and government.

 Katrina Wyllie 
recovering a bottom 
grab sampler off the 
New Hampshire coast. 
(photo credit UNH)

 Rachel Medley at Utqiaġvik, Alaska before boarding USCGC Healy for an Arctic Ocean mapping cruise. 
(photo credit NOAA)

These and other outstanding NOAA women 
are powering NOAA hydrography with their 
technical expertise and are playing leading 
roles across the agency’s hydrographic and 
ocean mapping programmes. 
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Detecting drowned bodies 
using an autonomous 
surface vessel

Key elements for improving sonar search operations

Rough conditions at sea can result in lost cargo, man overboard or even 
the sinking of vessels. The Netherlands Coastguard, supported by the 
Royal Netherlands Sea Rescue Institution (KNRM), the Central Information 
Technology unit of Rijkswaterstaat (RWS-CIV) and other partners, is responsible 
for the search and retrieval of lost items and people endangered or drowned at 
sea. The search for sunken objects or bodies is typically carried out using a hull-
mounted or towed sonar. Such search operations generally cover large areas 
and require a lot of personnel, and are therefore costly. In the case of drowned 
bodies, the search is complicated by the drift of the body and the general 
challenge of identifying small targets in the sonar data.

Recent advances in autonomous surface 
vehicle (ASV) technology can improve the 
effi  ciency of search operations. While ASVs 
are currently used in ocean exploration 
and routine surveying, little research has 
been carried out into their value to search 
operations. In the Proeftuin op de Noordzee, 
a designated area for conducting fi eld 
experiments, the Netherlands Organization 
for Applied Scientifi c Research (TNO) and 

Aquatic Drones have carried out tests to assess the contribution that ASVs equipped with a 
multibeam echosounder (MBES) can make to the search for drowning bodies in harbours and 
nearshore sea environments.

From crewed vessel to ASV-based search operations
Traditionally, a crewed vessel equipped with a low-cost sonar is used to search for drowned 
bodies. A trained sonar expert on the vessel guides divers to potential locations based 
on the sonar image. This is a time-consuming task. In most environments, wave motion 
and underwater currents cause drowning bodies to drift in a short time. This can extend 
the potential search area quickly and highly complicate the search. In contrast, an ASV 

By Timo Gaida, Bas Binnerts and Maarten Ruyssenaers, The Netherlands

 (left) P5 ASV from 
Aquatic Drone and 
support boat; (right) 
CPR manikin with a 
length of around 1.8m. 
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sails autonomously, allowing the sonar expert to analyse the data 
and make decisions onshore. Smart track-planning algorithms, 
incorporating environmental parameters such as sea state and 
current predictions, allow the ASV to update the mission plan while 
in progress. In addition, multiple ASVs can be deployed to increase 
the temporal and spatial coverage without significantly increasing the 
required personnel. 

A successful search operation depends on the ability of the sonar 
to detect the body and the ability of the ASV to operate safely 
and successfully acquire high-quality sonar images. Water depth, 
sediment type, vessel heading (i.e. orientation between the body and 
the sonar swath) and seabed coverage are factors that influence a 
successful outcome. The range of the sonar and the ability of the ASV 
to follow the predefined path are critical for the acoustic coverage 
of the seabed. This research investigated the value of ASVs in search 
operations while also shedding light on the detectability of human 
bodies on the seabed. 

Approach
The Phoenix 5 ASV from Aquatic Drones was used to conduct the 
tests. This ASV is equipped with an RTK antenna, which provides 
centimetre-level positioning accuracy, and a RESON T20 dual-
head MBES, which provides bathymetric and backscatter data. The 
Teledyne PDS software was used to process the acquired data.  

A CPR manikin was used to mimic a drowned body. The body 
was deployed on the seabed at various water depths (2–9m) in 
Scheveningen harbour in muddy sediments and nearshore in more 
sandy sediments. The waypoints for the ASV were defined after 
the body had been placed on the seabed so that the ASV could sail 
several parallel lines over the body with different orientations. The 
sonar settings were tuned to achieve a high resolution (400kHz, 
FM pulse) but also a good coverage (160° opening angle). Both 
bathymetric and backscatter (i.e. snippet and sidescan sonar-
like data) data types were acquired during all tests to assess the 
advantages and disadvantages of the different data types for 
detecting drowned bodies. 

Knowledge of the navigational accuracy of the ASV is crucial for 
ensuring full coverage of the seabed and therefore reducing the 
risk of missing the body. Furthermore, rough sea conditions can 
deteriorate the sonar data quality. To evaluate the performance 
of the ASV, the navigation and sonar perception capabilities were 
evaluated under varying environmental conditions. High-resolution 
METOCEAN (wind, waves and current) data were provided by the 
project partner SVASEK for this purpose for the selected test period.

Results
ASV navigation performance
In the harbour survey (no waves, low wind, low current), which was 
used as a baseline survey, a mean track deviation of 0.9m and no 
drift of the ASV towards a particular side of the track were observed. 
During the different offshore surveys, the mean track deviation 
increased and varied between 1.1m and 2.6m with maximum 
deviations of >5m, depending on the sea state (wave height: 40 to 
90cm, wave period: 4 to 8s, wind: 2 to 12m/s). An overall drift of 
the ASV to the northeast was observed, indicating a general drifting 

tendency towards the lee side of the wind, waves and current. The 
expected magnitude and direction of the deviation from the planned 
track should be taken into account when planning multibeam ASV 
surveys, in particular to ensure that search operations cover the 
entire area.

Detectability of CPR manikin
The CPR manikin was detectable on the seabed, but with certain 
limitations. First, the contrast between the seabed and the manikin 
was higher in the backscatter snippet data and outperformed the 
sidescan-like data type. As a result, we decided to only use the 
MBES backscatter snippet and bathymetry data for identification. 
The clearest detection, in both bathymetry and backscatter data, 
was achieved in shallow water (around 5m) with sandy seabeds and 
track lines parallel to the longitudinal axis of the body. In deeper 
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waters (around 9m), the manikin was still 
visible in the bathymetric data, whereas the 
backscatter data no longer provided useful 
information.

Considering the environments in the study 
area, the bathymetry was generally the 
better data type for identifying a body 
on the seabed. Even though backscatter 
theoretically has a higher resolution than 
bathymetry, several factors (sediment, 
depth, incident angle, track line orientation, 
morphology) aff ected the backscatter more 
than the bathymetry. While the backscatter 
worked very well in sandy and shallow 
environments at all ground ranges (incident 
angles) except nadir (below the vessel) 
(Figure 4), the bathymetry also worked well in 

muddy and deeper waters as well as at nadir. 
The bathymetric detection of the elevated 
body was independent of the sediment type 
(except when it sank into mud), whereas 
the success of backscatter in detecting a 
body depended on the contrast with the 
surrounding seabed (except for higher 
incident angles when an acoustic shadow 
was produced). 

Theoretically, bathymetry is a good predictor 
up to the point where the resolution is no 
longer suffi  cient to resolve the body. Based 
on the capabilities of the RESON T20 dual 
head and the deepest manikin location of 
9m and the outer part of the swath, the 
resolution is around 1m2. Considering only 
the inner part of the swath or decreasing 

the swath width increases the resolution 
but decreases the coverage. In addition, a 
single orientation of the track line seemed 
to be suffi  cient for detecting the body based 
on bathymetry. For backscatter imagery, 
the track line needed to be more or less 
parallel to the longitudinal axis of the body 
to cause a detectable acoustic shadow. 
Since the bathymetry detects the body 
based on elevation and the bathymetry 
resolution is similar across-track and along-
track, the elevated body can be detected 
independently of the orientation of the track 
line. 

To clearly distinguish the body from noise 
and outliers, a combination of both datasets 
is highly recommended. More than one track 
line orientation is also suggested, to increase 
confi dence in the detection. As observed in 
the harbour, which is a highly dredged area, 
detection of a body can also be hampered by 
strong morphology.

The way forward
Smart track planning and automatization 
of the search are further key elements 
for improving ASV and sonar (e.g. MBES) 
search operations. Sea state and current 
prediction can feed into smart and real-time 
track planning, reducing the risk of missing 
a body, while an automated target detection 
algorithm would allow detection of a body 
while the search is in progress. In particular 
for moving targets, such as a body in a highly 
dynamic environment, the ASV must be 
equipped with an identifi cation capability. 
A promising candidate would be an ROV 
with cameras, which could instantaneously 
verify the reported sonar detection and 
provide the diver with accurate and updated 
information about the location of the body. 
This would require a larger ASV that supports 
ROV deployment.

As shown in this research, the detection 
performance decreases with increasing 
water depth, and the application of an ASV 
with a hull- or pole-mounted sonar is limited 
to shallow water. For deeper waters, an 
ASV with a towed system or an AUV could 
overcome this limitation. 

ASVs operating at sea require a direct 
digital connection with the ship. Depending 
on the complexity of the operation and 
the available bandwidth, the quality of the 
data may be compromised, reducing the 

 Test area around Scheveningen harbour. Bathymetric maps with a depth range of 1 to 10m (red to 
blue) around the deployed CPR manikin locations (yellow markers).

 Deviation of the sailed ASV track from the originally planned track (in black) off shore Scheveningen. 
Neglecting the turns and a run-in length of 20m, the mean track deviation was 1.8m. Wave height: 40cm, 
wave period: 7s, wave direction: northwest, wind speed: 5m/s and wind direction: north.
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ability of the human operator to monitor progress (e.g. data quality) 
and safety (e.g. risk of collision). Increasing the level of autonomy 
of ASVs could mitigate the risks caused by loss or reduced quality 

of a communication link. Additional tests to evaluate the impact 
of reduced connectivity on the ability of the remote supervisor to 
monitor and take control of the ASV are planned in the test area. 

 (top, left) Bathymetric 
grid; (top, right) 
planned (black) vs 
actual sailed (red) ASV 
track. The planned 
track line spacing was 
5m. The CPR manikin 
location is indicated by 
the blue circle; (bottom) 
backscatter snippet 
waterfall display 
showing CPR manikin 
at diff erent ground 
ranges. Ground range 
(from left to right): 1.5, 
4, 9 and 14m. The 
body was located in 
sandy sediments at a 
water depth of 5.5m.
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This year saw the first Exail Maritime Users Conference. Exail, you say, who are 
they? Exail is a new company that was formed by the merger between ECA and 
iXblue. From the perspective of the hydrographic surveyor, the new company 
combines the expertise of the former two companies in, among other areas, 
autonomous vehicles above and below the water surface, imaging solutions 
and of course subsurface positioning. Looking at the new portfolio, the two 
former companies augment each other, although it will take some time to get 
used to the new name.

Autonomous surveying and 
 underwater positioning
By Huibert-Jan Lekkerkerk, technical editor, Hydro International

A visit to the Exail 2023 Maritime Users Conference

The one-day conference was hosted at the National Museum in 
Edinburgh, Scotland and sponsored by of course Exail but also 
Kongsberg, Nortek and RTS. There were nine presentations and 
two round table discussions on subsea positioning and maritime 
autonomy. Speakers included Exail employees talking about the 
latest developments but also the French Navy, research institutes 
(the British Antarctic Survey, iFremer, CCOM) and offshore survey 
companies (Fugro, TechnipFMC, 3D at Depth). The day ended with a 
brief tour of parts of the museum and an informal networking dinner 

in the central hall, among ancient objects 
from all over the world.

Subsea positioning
In the morning, the focus was mainly on 
underwater acoustic positioning and its 
challenges. Presentations ranged from USBL 
tracking in shallow waters to LBL planning 
and positioning for Lidar surveys, followed 
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by a round table on the challenges and possibilities. The recurring 
theme seemed to be the (almost) impossible requirements and 
specifications from clients. 

What became clear is that even though a sensor may be able to provide 
a certain accuracy, environmental conditions play an important role, 
and this is not always appreciated when a contract is in the design 
or tendering phase. Such issues may become pressing in the field 
and require immediate solutions, as the cost per day of keeping a 
construction vessel at sea is very high. Or, as Alistair McKie from Fugro 
said at the end of his presentation on experiences using USBL in shallow 
water from a construction vessel, next time they would use a USV or ASV 
to avoid the noise contamination. He also imagined that this would have 
reduced the overall cost, as it would have spared the time they spent 
trying to get the system working properly on the construction vessel. In 
this case, an ASV would have been an option as only a final position was 
required and no positioning during the construction itself, which would 
have been a challenge with both an ASV and a construction vessel.

Along similar lines, Thomas Poyau of TechnipFMC demonstrated the 
new LBL planning and simulation tool in Delph Subsea. He pointed out 
its merits during contract discussions, as it allows a direct computation 
of the expected LBL accuracy using local bathymetry, objects and sound 
velocity. Not only is the software faster than performing the computation 
in GIS, it also allows for more variables, thus giving a better indication of 
the final accuracy. It may even save costs by allowing sparse LBL setups 
or reducing the number of transponders needed. 

Finally, Andy Baker from 3D at Depth showed the results of using 
underwater Lidar on a moving ROV rather than the more customary 
stationary setup. He focused on the challenges in positioning Lidar 
data. It was very impressive to see the amount of detail obtained with 
a Lidar on a moving ROV and, while there are still some positioning 

kinks to be ironed out, the results are very promising. He also 
presented what he called the ‘subsea positioning challenge’, making 
a plea, among other things, for smaller, smarter and easier to use 
INS systems, small transponders or a small portable USBL system 
for shallow water, and position aiding from local structures using for 
example SLAM-like techniques. All in all, an impressive wish list for 
Exail in the year to come.

An interesting interlude in the morning was an overview from Philippe 
Roumeque of Exail of the various sensors that can be mounted on an 
observation-class ROV for detecting UXO and aiding in its clearance. 
Although the sensors in themselves are common, mounting them 
on very small observation-class ROVs poses new challenges such as 

power requirements. Very impressive were the enhancements to the 
camera imagery, upgrading murky images to relatively clear imagery 
to allow much better detection. 

Maritime autonomy
The afternoon focused on autonomous vehicles, both above 
and underwater. Between the presentations, there was a live 
demonstration of DriX with the system operated in the conference 
room while the USV was thousands of kilometres away in the south 
of France. The various capabilities were briefly demonstrated, 
including collision avoidance, which worked like a charm, but also the 
new autoline option. This allows DriX to automatically plan survey 
lines adjacent to each other using various settings in the software. 
Although some clipping seemed to be done on the bathymetry to 
derive nice straight lines, it is an interesting feature as it brings us a 
step closer to autonomous survey operations on top of autonomous 
sailing capabilities. When talking about the level of autonomy, Exail 
was clear that DriX requires human supervision at all times. However, 
this supervision can be performed from a remote location without a 
problem, as shown during the presentation. 

There were three different presentations on the present and future 
use of DriX. The first to speak about enhancing survey capabilities 
with DriX was Dr Kelly Hogan from the British Antarctic Survey, who 
explained which types of surveys are currently being conducted 
in Antarctic and Arctic waters, what their challenges are and how 
they envisioned using DriX while the ‘mother’ ship, the new RRS Sir 

Although the sensors in themselves 
are common, mounting them on very 
small observation-class ROVs poses 
new challenges such as power 
requirements
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David Attenborough, performs other tasks 
at the same time. This was a new world 
with tethered AUVs lowered under the 
ice but also surveys under the ice to map 
temperature differences.

Olivier Moisan from Exail explained 
how DriX was used in a wind farm for a 
bathymetric survey with DriX out of view 
(over the horizon). What was interesting is 
that one of the tracks had a strange curve 
in it. After checking the data, it was found 
that the construction vessel had placed a 
series of sonar buoys around it to monitor 
underwater sound and one was exactly 
in the path of DriX. Not being warned, the 
line pattern was exactly on top of the buoy. 
However, DriX took it upon itself to take 
avoiding action.

Larry Mayer of the Center for Coastal and 
Ocean Mapping explained the simultaneous 
use of multiple unmanned and autonomous 
vessels. During his presentation, he showed 
results where the survey ship was controlling 
DriX over the horizon while DriX in turn 
controlled a tethered AUV as well as a 
free-ranging AUV. To make this work, DriX 
observed the position of the AUVs and sent 
relay commands from the mother ship.

An interesting interlude in the afternoon 
was a presentation from Jan Opderbecke 
from iFremer showing the results of the 
Sams-150 synthetic aperture sonar on their 
new custom-designed and custom-built 
Uly 6,000m deep-sea AUV. The imagery 
from the SAS was – as ever with an SAS 
– stunning, showing very fine details of a 
few centimetres’ resolution. Besides the 
SAS, there is a whole host of other sensors, 
including some that can be swapped out. 
Also impressive were the capabilities of the 
new AUV, with a 24–48-hour bottom time at 
4 knots. Especially impressive is the way that 

it travels to its ‘hunting’ ground, by diving at a 
70–80-degree angle towards the bottom to 
maximize time on the seafloor.

Rules and regulations
The final round table was dedicated to the 
current international rules for unmanned 
vehicles, which also includes vessels that 
are unmanned but not autonomous. The 
discussion started with the lack of a proper 
definition of unmanned and as such the 
rules it would need to adhere to. This is 
because, when maritime legislation was 
created, something as futuristic as an 
unmanned vessel was not foreseen. As 
a result, there is currently no common 
international legislation and every state has 
its own rules, depending on how liberal it is 
regarding unmanned vessels. The problem 
could become even worse according to 
the specialists when a vessel flying one 
state’s flag operates in another country 

and is possibly controlled from yet a third 
state. Without clear rules and regulations, 
this would create a legal knot. In reply to 
a suggestion from the audience to involve 
the classification societies, the lack of legal 
harmonization under which these societies 
would have to work was highlighted. There is 
work to be done, it seems.

To summarise, the Exail Maritime Users 
Conference in Edinburgh gave us the endless 
possibilities of unmanned surveys (provided we 
can keep the specifications and requirements 
in check), but also told us that we operate 
them at our own risk for now, especially in 
‘foreign’ waters. As you may imagine, many 
of the details provided during such a day get 
lost in a simple summary such as this, but we 
will continue to update you on these topics 
in future issues of Hydro International. Let me 
finish for now by saying that it was an inspiring 
day at an inspiring location. 
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