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P. 12 Vertical Datums in the Hudson River
  Hydrographic surveyors can apply a GEOID model to reference the HRD 

using Ellipsoidally Referenced Survey (ERS) techniques. Projects not 

utilising ERS require a Mean Lower Low Water (MLLW) - HRD separation 

surface to reduce the bathymetry data to the HRD. This paper describes 

an interpolation method to generate the separation surface using a tool 

called Tidal Constituent and Residual Interpolation (TCARI).

P. 15 Monitoring Real-time Hydrodynamic Changes from 
Coastal Platforms

  The nearshore and offshore regions running from the shallow coastal 

shelf to the intertidal zone are dramatic, tempestuous and extremely 

complex environments that offer the potential to reliably provide vast 

amounts of renewable energy to most coastal countries in one form 

or another. In order to be able to harness this capability safely and 

effi ciently it is critical that we continue to expand our knowledge and 

understanding of the hydrodynamics of these environments.

P. 19 S-121: A New Standard for Maritime Limits and 
Boundaries

  The fundamental importance of maritime zones and other marine areas 

is underscored in United Nations (UN) Sustainable Development Goal 

14. Maritime Limits and Boundaries (MLB) circumscribe and defi ne 

these maritime and marine spaces, and incorporate the applicable 

Rights, Responsibilities and Restrictions (RRR). S-121, the widely 

anticipated marine data standard, provides a new open access method 

for providing and exchanging digital representations of MLBs.

P. 24 Staring at Waves – Knowing What’s Below
  The dynamic appearance of offshore directed currents, mainly rip 

currents, during the summer season has led to several fatal incidents 

at the beach of Egmond aan Zee (The Netherlands) in the past. A 

rip current prediction system has been set up in order to avoid such 

incidents in the future. The occurrence and characteristics of rip 

currents depend strongly on subtidal bathymetries, hence detailed 

survey data is required for accurate predictions.

P. 28 Choosing the Right Sonar Imaging System for 
 Autonomous Underwater Vehicles

  Underwater vehicle operators have to make a choice when deciding 

on a sonar imaging system to integrate on their systems. The decision 

could result in a trade-off, with a choice to be made between achieving 

high levels of range and resolution and power and weight budgets. The 

decision made can impact the value of subsea survey, classifying and 

mapping operations. But does it always have to be a trade-off?

P. 05  Editorial Notes

P. 06  GEBCO

P. 07  News

P. 22  Phins Compact Series

P. 32  Preview OiA 2019

P. 34  Report: INMARTECH

BUOY DEPLOYMENT
The picture on the front cover shows buoy deployment in Colwyn Bay, 

Wales, from RV Prince Madog. Ocean Scientifi c International Ltd (OSIL) 

worked with Bangor University to provide a network of three telemetered 

data buoys to collect and measure oceanographic, meteorological and 

water quality data parameters along the coast of North Wales for the 

SEACAMS2 project. (photo: Martin Austin, 2018)
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Good mood

Keep the pace!
Between the Challenger 

expedition and Seabed 2030 

lies a timespan of 160 years, 

with discoveries, technology 

developments, uncertainty and 

hope for the future. A good 

century and a half of exploring 

the sea, culminating in a 

complete map of the world’s 

ocean floor in 2030? In the 

article What is Oceanography and how to become an 

oceanographer by Kristian Panayotov, which can be found on 

our website www.hydro-international.com, the author describes 

the Challenger Expedition in 1872 as the start of modern 

oceanography. In a report on three regional mapping meetings 

for the ambitious Seabed 2030 project, to be found in this issue 

on page 6, one can read how crucial cooperation makes that all 

bathymetric data available can produce a bigger and more 

complete map of the world’s ocean floor. Sharing of resources 

and data – previously in the Challenger Expedition and now in 

Seabed 2030 – is necessary to come up with the best results. 

Both projects have in their own way stirred the imagination and 

interest in those vast and uncharted territories that large parts of 

our seas were, and still are. It is this that will also increase 

interest among young people for the fields of oceanography and 

hydrography. This is both a welcome and necessary positive 

effect needed to keep the pace!

Durk Haarsma,  
director strategy & business development
durk.haarsma@geomares.nl

hydro AlphAbeticAl list of Advertisers

In the run-up to 2018, Hydro 

International conducted a 

survey among its readers. The 

outcomes were very positive, 

reflecting an optimistic outlook 

for the hydrographic profession. 

We plan to carry out another 

survey in 2019 to see how the 

hydrographic business is 

evolving. But for now, we want 

to end the year by looking at the 

most striking results of this 

year’s edition, as this gives a 

good impression of the status of our industry.

After many years of economic downturn in the hydrographic sector, our 

previous survey results showed some optimism. About 52% of the 

respondents anticipated a slight growth (0-10%). There were also quite a 

few confident businesses, with 15.5% indicating that they foresee a growth 

of over 10% towards 2020. The key drivers named were unmanned 

vehicles (surface, underwater and aerial) and drones. Multibeam echo 

sounders (MBES) were also mentioned as an area that is expected to give a 

push to developments that are considered important in the coming years. 

Important factors that boost these drivers are the continued growth in 

offshore wind developments as well as the recovery of the oil and gas 

market. 

It will be interesting to compare the outcomes with those of our next survey. 

Will the optimistic curve have grown steeper? And perhaps it will also be 

useful to zoom in on the challenges that the industry is facing, such as the 

availability of well-trained staff. The hydrographic profession needs people 

with the right skills. Also worth investigating is new opportunities. Besides 

the traditional oil and gas, renewables is likely to become an energy source 

that provides hydrographers with new surveying projects.  Tidal and wave 

energy and wind farms were also mentioned as an opportunity by the 

readers of this magazine. Other promising sectors that were indicated as 

such are deep ocean mapping, construction monitoring and 

decommissioning, while deep-sea mining is regarded as an area to keep an 

eye on. And that is exactly what Hydro International intends to do, also in 

the coming year. The abovementioned topics will be important ingredients 

for the articles, columns and interviews that you can expect in 2019. We 

hope that you will continue to enjoy our magazine and website. In the 

meantime, we always welcome your feedback and suggestions for editorial 

contributions. Let’s hold on to the good mood in 2019!

Wim van Wegen, content manager
wim.van.wegen@geomares.nl

 Durk Haarsma.

 Wim van Wegen.
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These meetings are an opportunity to bring 

together a variety of international stakeholders in 

industry, academia and government. Pooling 

ideas, sharing experience, and identifying 

complementary bathymetric activities and 

technical approaches allows us to coordinate 

our efforts to produce a complete global ocean 

map.

The Seabed 2030 Project divides the 

responsibility for coordinating and assembling 

mapping products between four Regional 

Centres. These recent meetings focused on 

three of those regions: the Arctic and North 

Pacific Oceans, the Southern Ocean, and the 

Atlantic and Indian Oceans. A subsequent 

meeting focused on the South and West Pacific 

Ocean will be held in February. All four centres 

feed regional products into the Global Centre, 

based at the British Oceanographic Data Centre 

in Southampton, UK, where global GEBCO 

products are generated and disseminated.

In Stockholm, bathymetric data gathered from 

the North Pacific, Arctic and Southern Ocean 

since the last GEBCO products were published 

in 2014 were contributed to the project, 

collected by research institutions and private 

sector companies. The processes necessary to 

integrate this data into the Seabed 2030 project 

were also discussed. With each contribution, 

gaps are filled in, and the area of the world’s 

ocean floors that has been mapped with 

high-resolution direct measurement increases.

At the Lamont-Doherty Earth Observatory of 

Columbia University, the Atlantic and Indian 

Ocean regional mapping meeting looked at how 

to identify and acquire existing data not yet 

integrated into GEBCO products, and how to 

reduce the barriers to data contributions 

globally, engaging stakeholders to share 

bathymetric data with the Seabed 2030 Project. 

It heard presentations on mapping efforts 

underway throughout the region, and on the 

tools and technologies we must employ and 

develop to help identify and prioritise new data 

acquisition.

By its very nature, the ambitious Seabed 2030 

Project must mobilise a wide variety of 

stakeholders, both within and outside our 

maritime community, gathering all the 

bathymetric data possible to produce a definitive 

– and complete – map of the world’s ocean floor. 

These meetings, therefore, are a key forum for 

discussing how to assemble regional data 

contributions, how to leverage technical 

strategies used by stakeholders, and how to 

recognise data contributions in a way that 

inspires others to donate their data to the 

Seabed 2030 Project. The Project has already 

inspired the acquisition and donation of new 

data from academic groups around the world, 

and from industry partners such as Fugro and 

Ocean Infinity. We are already convincing others 

of the vital role they can play in the Project. 

The importance of this endeavour must not be 

underestimated. Sharing data regionally to build 

a comprehensive global ocean map allows 

improved understanding of physical 

characteristics of the seafloor that influence 

ecosystems and economic activities that 

transcend national boundaries. This information 

is integral to ocean exploration and scientific 

discovery, marine resource management, 

fisheries, tourism and the development of 

infrastructure. In one way or another, these 

issues affect everyone on the planet, and it is in 

all of our interests for the maritime community 

to contribute to this effort. 

The Seabed 2030 Project will have a lasting 

impact on our changing planet. The regional 

mapping meetings are a significant step forward 

in developing a global collaborative effort to 

unlock the mysteries of the world’s oceans. 

Dr Boris Dorschel

Head, Southern Ocean Regional Centre

Dr Vicki Ferrini

Head, Atlantic and Indian Ocean Regional 

Centre

Prof Martin Jakobsson

Co-Head, Arctic and North Pacific Ocean 

Regional Centre

Prof Larry Mayer

Co-Head, Arctic and North Pacific Ocean 

Regional Centre

In October and November, the first regional mapping meetings for The Nippon Foundation-GEBCO 

Seabed 2030 Project were held in Stockholm and Palisades, New York, USA.

Mapping the Gaps Together: 
Regional Meetings Eye New Data 
for Seabed 2030 Project

 Attendees at the Atlantic and Indian Ocean Regional Data and 
Coordination Centre mapping meeting, held at the Lamont-Doherty 
Earth Observatory of Columbia University, Palisades, NY, from 30 
October – 1 November.
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NEWS

MAP Team Discovers Oldest 
Intact Shipwreck in the Black 
Sea 

The Maritime Archaeology Project 

(MAP) has discovered a Greek 

merchant vessel in the Black Sea 

(50 miles off the coast of Bulgaria) 

dating back to 400 BC - the oldest 

known intact shipwreck ever 

discovered. Because the water in 

the lower reaches is anoxic (lacks 

oxygen), the wooden cargo vessel 

has not deteriorated much since it sunk to the bottom all those centuries ago. 

Its mast, rudders, cargo, and even the benches where rowers sat are still 

well-preserved. The ship was discovered during a three-year-long project. Over 

that time, the team located 60 vessels, using advanced laser scanning and 

photogrammetry to create 3D images of the ships. The 75-foot Greek ship was 

discovered during the final phase of the mission. A small piece of wood was 

recovered from the wreck and radiocarbon dated confirming the time period. “A 

ship, surviving intact, from 400 BC, lying in over 1.2 miles of water, is something 

I would never have believed possible,” said Jon Adams, principal investigator for 

the Black Sea MAP project. “This will change our understanding of shipbuilding 

and seafaring in the ancient world.” 

 https://bit.ly/2qTzhJs

Ocean Infinity Orders Five 
HUGIN Autonomous 
 Underwater Vehicles

Hydrographic and 

Geophysical Survey 

company Ocean 

Infinity has placed 

three separate orders 

for a total of five 

Kongsberg Maritime 

HUGIN Autonomous 

Underwater Vehicle 

(AUV) Systems, 

increasing its inventory 

to 15. The AUVs will be 

supplied with the latest generation Kongsberg Maritime HISAS 1032 synthetic 

aperture sonar, giving Ocean Infinity a total of six HUGINs with the ability to 

deliver high-resolution imaging in its fleet. HISAS generates high-resolution range 

independent imagery and full swath bathymetry. Coupled with the other sensors 

onboard, the HUGIN AUVs produce an impressive dataset including HISAS 

imagery and bathymetry, EM2040 bathymetry, sub-bottom profiler data and 

colour photographs.

 https://bit.ly/2QYQAEj

Research Icebreaker  
Polarstern Begins Antarctic 
Survey Season

On 10 November 2018, the 

research icebreaker 

Polarstern left its homeport of 

Bremerhaven, Germany 

bound for Cape Town, South 

Africa. This marks the 

beginning of her Antarctic 

season, in which 

oceanographic fieldwork in 

the Weddell Sea, a resupply 

mission to the Neumayer 

Station III, and explorations of the Larsen C ice shelf region and the South 

Shetland Islands are on the agenda. The ship is expected to return to 

Bremerhaven in June 2019. An expedition to the Larsen C ice shelf 

abutting the Antarctic Peninsula will be at the heart of the upcoming 

Antarctic season. The Peninsula is one of the fastest-warming regions of our 

planet, which may also explain why the Larsen A (1995), and Larsen B ice 

shelf (2002) virtually disintegrated, leaving only Larsen C as the last major 

ice shelf in the western Weddell Sea. In July 2017, the iceberg A68 – with 

an area of 5,800 square kilometres, one of the largest ever observed – 

calved from the shelf.

 https://bit.ly/2OZU47S

FarSounder Joins NOAA as 
a Trusted Node
FarSounder is the most recent company to join the International 

Hydrographic Organization’s Crowdsourced Bathymetry (CSB) initiative by 

becoming a ‘trusted node’ with the NOAA. This project enables mariners to 

voluntarily contribute seafloor depths measured from their vessels to 

NOAA’s data repository. The partnership can be seen as a logical step 

because FarSounder’s customers regularly travel to remote areas with 

poorly maintained nautical charts, using a FarSounder 3D-FLS for real-time 

navigation. Due to the development of FarSounder’s Local History Mapping 

(LHM), the latest feature of its SonaSoft software, users now have the 

ability to create a real-time chart of the seafloor which they recently sailed 

and collect this bathymetric data.

 https://bit.ly/2BphNdU  The world’s oldest shipwreck.

 RV Polarstern leaves its homeport 
Bremerhaven (Germany).

 FarSounder 3D Local History Mapping.

 Shipwreck imagery collected by a HUGIN UAV.
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Collaborating to Make ROVs 
Small and User-friendly

Putting together a highly 

specified remotely 

operated underwater 

vehicle (ROV) is a complex 

business, requiring fluid 

integration of components 

and software from several 

different manufacturers. 

Getting it all to work 

together takes a high level 

of collaboration between 

professionals, located around the world. When VideoRay was designing a 

subsea vehicle so compact that it could be checked in as luggage at the airport, 

it teamed up with Nortek to keep the size down, while keeping the positioning 

accuracy high. A case in point is the deployment of Nortek’s DVL1000 Doppler 

Velocity Log on the Defender models now being produced by Pennsylvania-

based VideoRay - a world leader in inspection-class ROVs. Nortek collaborated 

with both VideoRay and Vermont’s Greensea Systems (which supplied the 

OPENSEA operational software platform, inertial navigation, and an autonomous 

control system for the ROV) to create a versatile, powerful and extremely 

compact vehicle.

 https://bit.ly/2PHFUgx

Leica Geosystems Releases 
Major Hydrographic Survey 
Systems Upgrade

Leica Geosystems, 

part of Hexagon, 

has released the 

Leica Chiroptera 4X 

and Leica HawkEye 

4X. The latest 

upgrades introduce 

a new bathymetric 

Lidar high-resolution technology that increases the bathymetric point density 

by a factor four. The higher point density allows customers to deliver high-

resolution products at reduced operational costs. Flight cost savings of 50% can 

be achieved for typical bathymetric Lidar end-user specifications. The depth 

penetration increases up to 10% with the new technology while not affecting 

the turbid water performance or accuracy. Nova Scotia Community College 

is validating the Chiroptera 4X bathymetric high-resolution technology in test 

projects in Canada’s east coast in turbid water conditions. “The four times 

increased resolution dramatically improves our ability to detect objects, even on 

a 1m x 1m scale where the increased number of points can be used to further 

clarify the object’s location and details.

 https://bit.ly/2S3q3Ws

Seabed Geosolutions Wins 
Red Sea Ocean Bottom 
Node Contract

Seabed 

Geosolutions and 

its partner have 

been awarded a 

3D ocean bottom 

node survey in 

the Red Sea. The 

S-79 project will 

require the 

acquisition and 

processing of 

high-quality 3D 

data over a large 

area in various water depths. Seabed’s highly efficient 4C Manta ocean 

bottom nodes will be used, in combination with its best-in-class ROV 

deployment system, in deep waters and node-on-a-wire system in 

shallower areas. The surveys are scheduled to commence early 2019. 

Seabed supports the optimal development and production of oil and gas 

fields by providing high-quality seismic data collected directly on the 

seabed. This data is used for detailed reservoir characterisation, monitoring 

of the impact of production and detection of potential geohazards. 

 https://bit.ly/2qXkFso

L3 ASV to Conduct  
Autonomous Navigation 
Study for UK Government

L3 ASV has received UK 

government funding for a 

pioneering project on 

autonomous navigation of 

maritime vessels. The 

company will conduct a study 

with its partners in the 

Maritime & Coastguard Agency 

(MCA) and United Kingdom 

Hydrographic Office (UKHO), 

focusing on the future of marine navigational data and charts. The project is 

funded by the Department for Transport’s Transport Technology Research 

Innovation Grant (T-TRIG) and aims to promote early-stage science, 

engineering or technology innovations with the potential to advance the 

UK’s transport system. The project will begin by exploring the characteristics 

of navigational data and charts in terms of what they comprise, their 

structure, and how they are updated. “Current navigational data and charts 

have been developed over centuries to be read and interpreted by 

humans,” said Dan Hook, senior director of business development at L3 

ASV. “Over the coming decade, more and more marine vessels will be 

operating unmanned, and the charts will be read by computers.”

 https://bit.ly/2TtWZJ8

 MSS Defender inspecting a ship during a demo in 
Norway.

 Vegetation mapping imagery captured with the Leica 
Chiroptera 4X.

 L3 ASV will conduct an autonomous 
navigation study for the UK government.

 Seabed Geosolutions’ Manta Node System.
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Teledyne CARIS Unveils 
Enhanced Tools for Lidar 
Data and Automated 
Bathymetry Compilation

Teledyne CARIS has released 

Bathy DataBASE 5.2, which 

introduces enhanced tools for 

validating and creating chart 

features from Lidar surveys as well 

as new bathymetry compilation 

techniques. This version includes 

an updated workfl ow process 

found in BASE Editor designed for performing both quality control and feature 

set building from Lidar data. In the software, you can upload LAS/LAZ data to 

assess quality, adjust classifi cation and compare against other sources. It also 

allows you to identify relevant features in the point data and imagery, and easily 

model as S-57 features directly in the area-based cleaning tool, and build a 

DEM using CUBE or other gridding methods and combine with data from other 

sensors to generate a full picture of the seabed and shoreline.

 https://bit.ly/2Dy3Hse

OGC Issues Request for 
Information on Marine 
Concept Development Study

The Open Geospatial Consortium 

(OGC) is requesting information 

to help shape the Marine Spatial 

Data Infrastructure Concept 

Development Study (MSDI- CDS), 

which will assess the current state 

of data management and exchange technologies used in the marine domain. 

The marine domain describes all phenomena and activities that occur within, 

around, or are related to, the space of earth’s inland waters, seas and oceans. 

Demand for the marine geospatial data collected and managed by organisations 

supporting, operating within, or researching this domain is increasing, due 

to a growing user-base with a variety of new applications. The knowledge 

gained from the Marine SDI CDS will be captured in a technical report and 

provide both an interoperability reference architecture for MSDI as well as 

a foundation for a potential future pilot that will in turn advance the state of 

Spatial Data Infrastructures (SDIs) that support discoverability, accessibility and 

interoperability of marine geospatial data across the globe.

 https://bit.ly/2zkMmQB

Second MacArtney Triaxus 
ROTV Adds Value to 
Oceanographic Research 
Organisation

MacArtney has 

supplied a second 

Triaxus ROTV for 

use on the research 

vessel RV 

Investigator. This 

Triaxus E version 

features an even 

higher payload 

capacity and 

enables the 

installation of a wide 

range of sensors 

targeted to the specifi c needs of oceanographic research. Over the 

centuries, our human understanding of the physical and biological aspects 

of the ocean has made huge advancements. From initial observations of 

the tides made by Aristotle and Strabo to Benjamin Franklin’s fi rst scientifi c 

study of the Gulf Stream, made by measuring water temperatures during 

his Atlantic crossings, our understanding of our oceans has valuably 

increased. With the MacArtney Triaxus ROTV, it is possible to push the 

boundaries of our understanding even further.

 https://bit.ly/2qWBUdp

 Bathy DataBASE 5.2.

 Launch of Triaxus from RV Investigator. (Courtesy: 
CSIRO)
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The Current Definition of HRD
The HRD was adopted by the US Army Corps of 

Engineers (USACE), New York District in 1926 

and was related to the Mean Sea Level at the 

NOAA tide station at Sandy Hook, NJ 

(8531680) (Schureman, 1934). The definition 

of HRD has been modified several times and 

has since been updated to reference the North 

American Vertical Datum of 1988 (NAVD88) 

(USACE, 2015). NAVD88 provides a link 

between HRD and tidal datums at tide stations 

(Figure 1). This paper explores an interpolation 

method to generate a separation surface that 

directly connects the HRD to MLLW. 

Currently, the USACE relies on the NAVD88-

MLLW to relate MLLW to HRD. Where it exists, 

this separation is obtained using National 

Oceanic and Atmospheric Administration’s 

(NOAA) Vertical Datum Transformation tool 

(VDatum), which transforms geospatial data 

among a variety of tidal, orthometric and 

ellipsoidal vertical datums (Myers, 2005). The 

VDATUM model extends from the entrance to 

New York Harbour north to East Kingston, NY. 

For projects north of VDATUM coverage, 

discrete offsets relate NAVD88 to HRD and are 

associated with geographic locations along the 

river (Figure 1). The USACE relies on a HRD 

separation value of 2.55ft (0.78m) below 

NAVD88 north to the south of Albany downtown 

(USACE, 2016). The USACE uses a separation 

for HRD of 3.80ft (1.16m) below NAVD88 from 

south of Albany downtown to Federal Lock in 

Troy and 13.59ft (4.14m) below NAVD88 from 

Federal Dam in Troy to Waterford (USACE, 

2016).

Generating Mean Lower Low Water 
(MLLW) to HRD Separation Model
Tidal and geodetic datums from six NOAA water 

level stations and two Hudson River 

Environmental Conditions Observing System 

(HRECOS) stations were used to create a 

separation surface (Figure 2). Data from the 

HRECOS water level stations were used to 

supplement the geospatial coverage of datums 

from the NOAA water level stations. All NOAA 

stations have published tidal datums on the 

1983 – 2001 NTDE and NAVD88 relationships 

with the exception of the water level station at 

Beacon, NY (8518934). Table 1 shows the tidal, 

geodetic and HRD values that were used to 

generate the separation surface.

Tidal, geodetic and HRD values are referenced 

to MSL and shown in Figure 3. All tidal and 

geodetic datums are above HRD from The 

A fixed low water reference plane, Hudson River Datum (HRD), was adopted as chart datum for certain portions of the 

Hudson River to approximate mean low water when river levels are lowest. Due to river discharge, water levels in the river 

are influenced more by flow than by tides; tidal datums computed from river water levels might not be representative of 

low tide levels. Hydrographic surveyors can apply a GEOID model to reference the HRD using Ellipsoidally Referenced 

Survey (ERS) techniques. Projects not utilising ERS require a Mean Lower Low Water (MLLW) - HRD separation surface 

to reduce the bathymetry data to the HRD. This paper describes an interpolation method to generate the separation 

surface using a tool called Tidal Constituent and Residual Interpolation (TCARI).

Vertical Datums in the 
Hudson River

Interpolation Method to Generate the Separation Surface

Lijuan HuanG, LouiS LiCaTe and DaviD WoLCoTT, nOaa, USa

 Table 1: Tidal, geodetic and Hudson River Datum values referenced to MSL at stations along the Hudson River. The HRD 
values are calculated based on the offsets on Figure 1.

Station ID Station 
Name

Length of 
Data Series

NAVD88 (m) HRD (m) MLLW (m) NAVD88 
–MLLW (m)

MLLW – HRD 
(m)

8518750 The Battery, 
NY

19 years 0.063 -0.714 -0.783 0.846 -0.081

8518902 Dyckman 
Street, NY

3 months 0.029 -0.748 -0.702 0.731 0.034

8518924 Haverstraw 
Bay, NY

3 months -0.050 -0.827 -0.550 0.500 0.265

8518934 Beacon, NY 3 months -0.066 -0.843 -0.553 0.487 0.278
8518951 Hyde Park, 

NY
3 months -0.071 -0.848 -0.614 0.543 0.222

HRECOS Norrie Point, 
NY

3 months -0.042 -0.819 -0.584 0.542 0.223

HRECOS Schodack 
Island, NY

3 months -0.364 -1.141 -0.846 0.482 0.283

8518995 Albany, NY 5 years -0.319 -1.096 -0.869 0.550 0.596
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Battery, NY (8518750) up to Albany, NY 

(8518995).  Tidal datum values above HRD are 

consistent with the original purpose of a 

conservative low water datum. Near the mouth 

of the river, where the influence of river 

discharge is minimal, HRD is very close to 

MLLW. Further north, HRD begins to diverge 

from MLLW due to increased influences from 

river discharge.

The separation surface was generated using the 

Tidal Constituent and Residual Interpolation 

(TCARI) tool, constrained by the observed 

datum values at the locations of the eight water 

level stations mentioned in Table 1. The 

interpolation scheme uses a 2-dimensional 

Laplace interpolation over a Delaunay 

triangulation grid constrained by boundary 

conditions (Hess et al., 2004). 

Results 
A NAVD88-MLLW datum separation surface 

was created based on the tidal, geodetic and 

 Figure 1: Current relationship between NAVD88 
and HRD (USACE 2016).

 Figure 2: Water level stations used to 
generate the MLLW-HRD separation 
surface in the Hudson River.

 Figure 5: MLLW above HRD separation surface 
generated by TCARI.

 Figure 3: Tidal, geodetic and HRD values at water level stations from The Battery, NY (8518750) north 
to Albany, NY (8518995).

 Figure 4: TCARI generated (left), 
VDatum generated (middle) NAVD88-
MLLW separation surfaces and the 
difference between TCARI and VDatum 
(right).
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HRD values shown in Table 1. To quality control 

the result, the interpolated separation surface is 

compared to the separation values from 

VDATUM in the areas covered by VDATUM. 

Figure 4 shows this comparison. The 

differences in the separation surface values 

between the TCARI and VDatum solutions 

range from -0.06m to 0.08m. 

Using the NAVD88-MLLW surface and the 

NAVD88/HRD relationships shown in Figure 1, 

the same approach was used to create a MLLW 

- HRD separation surface. This new surface 

allows water level data collected at The Battery, 

NY (8518750) to be biased to HRD throughout 

the Hudson River (Figure 5).

Discussion and Conclusion
The difference in MLLW-HRD separation between 

VDatum and TCARI interpolation ranges from 

-0.06m to 0.08m (Figure 4). The published 

uncertainty for this VDATUM model is 0.19m 

(95% CI). With the maximum difference of 0.08m 

on top of the 0.19m VDatum uncertainty, the 

separation surface is still within the 0.45m IHO 

tide error tolerance and can be applied to 

hydrographic surveys. However, it should be noted 

that when applied to data, this difference would be 

realised as a bias, and not a random error. 

Improvements to both the TCARI and VDatum 

generated separation surfaces can be achieved 

by collecting and incorporating additional tidal 

datum information along the Hudson River, 

specifically, between Hyde Park, NY and 

Albany, NY. The Hudson River VDatum model 

was created in 2010. Since that time four 

short-term stations have been installed between 

The Battery, NY (8518750) and the northern 

end of the VDatum coverage: Dyckman Street, 

NY (8518902), Haverstraw Bay, NY (8518924), 

Beacon, NY (8518934) and Hyde Park, NY 

(8518951). Tidal datums from these stations will 

be incorporated in the updated VDatum model 

to improve the accuracy of datum 

transformation.

Water levels in the northern Hudson River near 

Albany, NY (8518995) are significantly affected 

by high river discharge. A comparison between 

water level data using The Battery as control 

station and observed data at Albany indicates 

that the 2*Root Mean Square of the difference 

is less than 0.45m during periods of river 

discharge less than 280 cubic metres per 

second (cms). In order to use The Battery, NY 

(8518750) as tide control for hydrographic 

surveys in the northern Hudson River, it is 

strongly recommended that hydrographic 

surveys only be conducted when the river 

discharge is less than 280cms (Figure 6).

If an Ellipsoidally Referenced Survey (ERS) is 

conducted in the Hudson River, then a Geoid 

model can provide the NAD83 ellipsoid to 

NAVD88 separation values for the area north of 

East Kingston, NY where a VDatum model is not 

available. The offset of 2.55ft (0.78m) below 

NAVD88 can be applied to the geoid separation 

in order to relate data to HRD. 

 Figure 6: Scatter plot of RMS of 
difference between zoned water levels 
using The Battery, NY (8518750) as control 
and observed data at Albany, NY 
(8518995) against river discharge.
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The ocean offers huge possibilities for 

generating electricity from waves and tides, and 

the UK is very well placed to exploit this form of 

electricity generation. Marine renewable energy 

is of particular interest in Wales, where the 

unique coastline offers significant capacity to 

generate MRE. The coastline here has areas 

with high tidal ranges that are ideal for tidal 

lagoons as well as fast tidal currents for tidal 

stream energy and regions exposed to 

substantial wave action, which are required for 

wave energy devices.

SEACAMS2 Research Programme
The SEACAMS2 project is a collaboration 

between Bangor University and Swansea 

University that supports research and innovation 

in applications of marine renewable energy, 

climate change resilience and resource 

efficiency, and is partly funded by the European 

Regional Development Fund. Data, products 

and services resulting from the SEACAMS2 

collaborative research in the Marine Centre 

Wales, home to the Centre for Applied Marine 

Sciences (CAMS), will be available to marine 

industries, government and scientific users and 

the general public via the Integrated Marine 

Data and Information System (iMarDis) data 

service that offers a single point of access. 

Their data assist our understanding of how we 

can generate electricity from the waves and 

tides and how we can quantify that resource, 

help predict how this resource may vary in the 

future as a result of climate change, identify 

regions that are ideal for each energy type, and 

minimise the impact on the environment of this 

process of energy generation, including the 

effects of any turbulence on devices and the 

surrounding ecosystem. 

Ocean Scientific International Ltd (OSIL) worked 

with Bangor University to provide a network of 

three telemetered data buoys for the collection 

and measurement of oceanographic, 

meteorological and water quality data 

parameters around the coast of North Wales for 

the SEACAMS2 project.

The buoys were required to provide a data link 

from existing packages of seabed-mounted 

instrumentation located directly below the 

platforms to an instantly accessible web portal, 

The nearshore and offshore regions running from the shallow coastal shelf to the intertidal zone are dramatic, tempestuous 

and extremely complex environments that offer the potential to reliably provide vast amounts of renewable energy to most 

coastal countries in one form or another. In order to be able to harness this capability safely and efficiently it is critical that 

we continue to expand our knowledge and understanding of the hydrodynamics of these environments.

Monitoring Real-time 
Hydrodynamic Changes 
from Coastal Platforms

Supporting Marine Renewable Energy (MRE) Research with Live Data 
from Buoy Networks

BECky ChildS, OSIL, and MARtin AuStin, BangOr UnIverSIty, UK

 Figure 1: Acoustic transceiver and CTD package in buoy moon pool (photo: Martin Austin, 2018).
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from where the data can be integrated into 

existing CAMS IT infrastructure and 

disseminated to the public via iMarDis. 

Deployed for an initial period of two years, the 

buoy network will remain in-situ for at least a 

further year as a result of a no-cost extension to 

SEACAMS2 and could potentially remain 

deployed indefinitely if funding allows for a 

future extension. 

Establishing the link
The benthic instrument packages are deployed 

in energetic and shallow nearshore coastal 

locations that are potential sites for energy 

extraction. Each is furnished with a range of 

Nortek equipment, including an AWAC 

directional wave and current profiler, an 

Aquadopp HR profiler to sample the benthic 

boundary layer for sediment transport and 

turbulence studies, and a Signature 1000 

AD2CP current profiler providing high-resolution 

current and turbulence data.

These coastal observatories measure: 

wave-driven currents; wave spectra; integrated 

wave parameters (period, frequency, amplitude, 

wavelength and speed); tidal currents; 

turbulence; water surface elevation and 

sediment dynamics. These readings allow the 

hydrodynamic profiles of the deployment 

locations to be studied in great detail to assess 

their feasibility for MRE developments and their 

optimal siting. Some of the instruments are 

self-logging and are retrieved at regular intervals 

to recover data, but others are real-time 

instruments sampling in bursts and provide 

NMEA data strings of wave parameters, in 

addition to three-dimensional current speed at 

multiple elevations above the seabed, every 30 

minutes. 

The data buoys interrogate the real-time seabed 

instruments using an acoustic modem to avoid 

introducing unnecessary cabling that could be 

damaged in the dynamic deployment 

conditions, and data from the sensors are 

received into the data logger that is integrated 

into the electronics system of each buoy. The 

buoys have also been provisioned for the 

mounting of an anemometer and a CTD, and 

additionally report data from these instruments 

in conjunction with transmitting ancillary data 

from the onboard power system and sensors.

The data are relayed via a dual telemetry 

system, comprising a GPRS modem, which can 

be used if there is sufficient network coverage at 

the installation locations, and an Iridium modem 

which is used in place of the GPRS modem if 

coverage is poor and transmits the data as Short 

Burst Data (SBD) messages. Cellular coverage 

could not be guaranteed in the deployment 

 Figure 2: Seabed instrument package consisting of multiple acoustic instruments sampling hydro- and sediment 
dynamics from the benthic boundary layer to the sea surface (photo: Graham Worley, 2018).

 Figure 3: 
Buoy 
deployment 
in Colwyn 
Bay from RV 
Prince Madog 
(photo: 
Martin 
Austin, 
2018).
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locations, so the synergistic telemetry solution 

from buoy to shore provides a highly reliable, 

low latency solution, which can accommodate 

the integration of various instruments with 

NEMA, RS232, RS485 and SDI12 outputs 

(amongst other industry standard protocols). 

Maintaining the Connection
The robust and stable 1.9m data buoys were 

selected for their high reserve buoyancy and 

their ability to endure harsh conditions and 

exposed coastal locations, but they require 

regular management checks like any other 

deployed equipment to ensure that the systems 

functionality is not impaired. Easy access to the 

buoy power system and electronics for 

maintenance was provided by a secure service 

door in the top section, and the moon pool, 

which is formed by the central steel structure of 

the buoy and provides a protected area for the 

installation of surface instruments, can also be 

accessed through the top frame. The waterproof 

electronics housings and all cables were 

equipped with wet mateable subsea connectors 

to simplify in-field servicing. 

To ensure that the buoys are self-sufficient with 

respect to power during long winter months 

OSIL developed a tailored power system 

comprising an array of high-power solar panels, 

a solar regulator and a battery bank fitted to 

each buoy top section. 

keeping Station
The mooring systems were designed for the 

specified locations to accommodate a wide 

variation in mooring requirements, including 

mean water depths ranging from 10 to 50m and 

tidal current speeds of 3.5+ knots There is an 

emphasis on damping the effects of waves on 

the buoy and providing shock absorption in 

extreme weather conditions as these harsh Irish 

Sea locations see 6m tides and a maximum 

wave height of 7m with two sites exposed to the 

prevailing south-westerly winds, and one to 

northerly winds. 

Each buoy was equipped with a 2-point 

catenary mooring consisting of chain hung 

beneath the buoy to lower its centre of gravity 

and increase stability, nylon braid to provide 

stretch in the mooring and dampen the shock of 

waves on the mooring and buoy, and additional 

lengths of chain on the seabed to further reduce 

the effect of waves on the buoy. The mooring 

legs are secured with large clump anchors, and 

the watch circle alarm function, which OSIL 

engineers have programmed into the buoys to 

send an email alert via the telemetry system to 

Bangor University staff if a buoy moves further 

than a pre-set distance from its installation 

location, will doubly ensure the security of the 

buoys during their deployment period.

Collaborative Enterprise
The buoy network produced by OSIL in 

conjunction with Bangor University provides a 

durable, integrated, low cost and reliable 

telemetered data link that contributes to a 

comprehensive understanding of the 

interactions of waves and currents and the 

opportunities available in the area of marine 

renewable energy. The knowledge gained from 

these studies can be extended to other regions 

and supports a broader understanding of the 

hazards, risks and changes in the coastal and 

marine environment. This increased awareness 

offers an opportunity to stakeholders to optimise 

the growth and sustainability of MRE with 

applications and benefits for the wider 

community. Cooperative research, development 

and innovation drives the improvement of 

products and services such as high-resolution 

tidal models, fine bathymetry and model 

visualisation tools that derive from such forums 

as the SEACAMS2 project, and facilitate 

interactions between researchers, policymakers 

and businesses in rapidly evolving technologies 

that are relevant to other industries and fields of 

research. 

 Figure 4: Buoy service in 
Colwyn Bay (photo: Graham 
Worley, 2018).

 Figure 5: Deployed buoy in 
Colwyn Bay (photo: Graham 
Worley, 2018).
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Maritime Limits and Boundaries and 
Ocean Governance
Efficient and sustainable ocean governance 

requires, among other things, accessible 

high-quality data and information to support its 

decision-making functions. Central to 

governance is the control of behaviours within 

defined spaces, in relation to defined objectives, 

and according to accepted or imposed value 

systems. Good governance therefore requires 

information about resources; limits and 

boundaries; users and stakeholders; legal/

regulatory/policy frameworks; and the relevant 

RRR that control behaviours.

Clarity in relation to limits and boundaries is a 

cornerstone of good governance. Barring 

deficiencies in enforcement, governance can 

break down at any fuzzy edges of governed 

spaces. Boundary uncertainties may generate 

governance uncertainties such as: What 

resources to exploit or manage? How to be in 

compliance? What to enforce?  For the Maritime 

Domain, clarity at various scales and in relation 

to MLBs has long been the focus of international 

law of the sea. This is reflected in the 1982 

United Nations Convention on the Law of the 

Sea (UNCLOS), other relevant international 

binding and non-binding instruments, as well as 

the laws, regulations and policies of coastal 

States.

The S-121 standard for MLBs aims to support 

the achievement of that clarity. According to the 

International Hydrographic Organization (IHO) 

(2018), S-121 will achieve this by: (i) providing 

coordinate-based spatial representations of MLBs 

that are accurate, reliable and easy to interpret; 

and (ii) facilitating States Parties’ obligations to 

UNCLOS, to deposit their outer limits of maritime 

zones, together with the lines of delimitations 

(maritime boundaries) with the Secretary-General 

of the UN, through the Division for Ocean Affairs 

and the Law of the Sea (DOALOS) of the Office of 

Legal Affairs of the United Nations.

Evolution of the S-121 Standard
A number of things have led to the development 

of the S-121 Standard for MLBs. These include: 

(i) UNCLOS requirements for States Parties to 

deposit charts and geographical coordinates 

representing their maritime zones, including lines 

of delimitation; (ii) the need to develop technical 

standards for the collection, storage and 

dissemination of the information deposited by 

States so that there is compatibility among 

various Geographic Information Systems (GIS), 

Electronic Nautical Charts (ENC), and other 

systems developed or used by them; (iii) a 

request by UN Member States to the Secretary-

General to improve the existing GIS for the 

deposit of UNCLOS compliant charts and 

geographical coordinates, and to implement the 

developed technical standards in cooperation 

with relevant international organisations such as 

the IHO (A/RES/59/24, para. 6); (iv) a call by the 

General Assembly of the United Nations for 

Member States to implement international law as 

outlined by UNCLOS and thereby enhance 

conservation and sustainable use of oceans and 

marine resources. Based on the foregoing, 

DOALOS, as the designated unit, consulted with 

the IHO to identify an appropriate standard. This 

resulted in the formation of the S-121 project 

team that comprises participants from IHO 

Member States and the S-121 standard for MLBs 

(International Hydrographic Organization, 2018).

The fundamental importance of maritime zones and other marine areas is underscored in United 

Nations (UN) Sustainable Development Goal 14, which aims to conserve and sustainably use oceans, 

seas and marine resources. Maritime Limits and Boundaries (MLB) circumscribe and define these 

maritime and marine spaces, and incorporate the applicable Rights, Responsibilities and Restrictions 

(RRR). S-121, the widely anticipated marine data standard, provides a new open access method for 

providing and exchanging digital representations of MLBs.

S-121: A New Standard for  
Maritime Limits and Boundaries

MichaEL SuthErLand, SéBaStiEn durand, JOnathan Pritchard and c. dOuGLaS O’BriEn

Clarity in relation to limits and boundaries is 
a cornerstone of good governance
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S-121 aims to:
•	 	Be	simple,	practical	and	implementable;

•	 	Support	accurate	and	precise	descriptions	of	

MLBs;

•	 	Facilitate	States’	communication	of	official	

digital representations of their MLBs;

•	 	Respect	the	relevant	provisions	of	UNCLOS;

•	 	Provide	a	framework	that	is	extensible	by	

implementing parties to support other 

maritime delimitation requirements;

•	 	Implement	the	IHO’s	established	S-100	

framework as a product specification to 

ensure interoperability with other marine data 

specifications; 

•	 	Be	interoperable	and	in	compliance	with	

relevant IHO (i.e. S-57 S-101) and 

with ISO TC211 standard, to facilitate data 

exchange in many different forms.

S-121 Benefits
S-121 is beneficial to data custodians, who  

can use the standard to maintain and exchange 

information on MLBs. Official versions can  

be created for distribution to stakeholders.  

The standard can also support legal 

proceedings, being able to produce output  

that is legally readable, targeted and provides 

historical backtracking and source  

validation.

Apart from the obvious benefits to ocean 

governance through the management of MLB 
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 Figure 1: Example of S-121 implementation (International Hydrographic Organization 2018).

 Figure 2: S-121 Data Model (from Maltais and Lévesque 2018).

International Organization for Standardization 

(ISO) standards (most notably ISO19152 

Land Administration Domain Model (LADM)), 

thereby facilitating the construction of 

integrated cadastral systems;

•	 	Support	versioning,	thereby	facilitating	

monitoring and updating;

•	 	Be	linked	to	authoritative	administrative	

source documents.

S-121 is designed to be used as a data model in 

the administration, management and 

maintenance of MLB information (Figure 1). 

The data model is simple and flexible, and is 

built upon IHO S-100 and ISO 19152 standards 

(Figure 2). It is also designed, in accordance 
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Federation of Surveyors (FIG) Workshop on 3D-Cadastres, 
18-20 October, Athens, Greece, 14 pages.
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information, S-121 has implications for 

navigational safety, marine resources 

management, Marine Spatial Planning (MSP), 

Marine Cadastre (MC) and Marine Spatial Data 

Infrastructure (MSDI).

S-121’s ability to manage any MLB has  

direct benefits for navigation safety where 

correct identification of shipping lanes and  

other maritime limits are critical. This is 

enhanced by the standard’s facilitation of data 

exchange among stakeholders, and its 

interoperability with the future ENC standard, 

IHO S-101.

On the premise that the standard is commonly 

adopted, S-121 can contribute to improvements 

in MSP through increased/more effective data 

sharing among stakeholders and clarity offered 

in relation to RRR.  MLBs form a fundamental 

building block for governance frameworks 

relating to marine resource management where 

they delimit spatial extents that are subject to 

management and protection schemes.  S-121 is 

indispensable for MC and MSDI that require 

standard data models for MLB, data sharing 

capabilities, RRR clarity, interoperability, and 

versioning (among other things). Specifically in 

relation to MC, the literature has already 

established that ISO 19152 standard is 

S-121 is designed to be used as a data  
model in the administration, management 
and maintenance of MLB information

applicable (Sutherland, Griffith-Charles and 

Davis 2016) and therefore S-121 is also 

applicable.

S-121 receives Official recognition
S-121 is the fastest evolving data standard. Its 

development was initiated by the General 

Assembly of the United Nations in its resolution 

59/24. It has already received recognition from 

the ISO, the Open Geospatial Consortium 

(OGC), and the United Nations Global 

Geospatial Information Management 

(UN-GGIM). In the near future, a liaison project 

between the S-121 project team and the OGC 

will engage industry stakeholders regarding 

implementation and interoperability for wider 

use of the standard.

conclusion
The marine domain has long been established 

to be of great importance to humanity. States 

exercise rights over maritime zones and other 

marine areas to meet their political, 

socioeconomic and environmental objectives. 

These objectives require, in part, clear 

delimitations of MLBs. Although S-121, built 

upon IHO S-100 and ISO 19152 standards, was 

initially developed to meet UNCLOS 

requirements, the standard is accurate and 

flexible enough to meet the needs of other 

marine/maritime governance frameworks and 

systems, including navigational safety, marine 

resources management, MSP, MC, and MSDI. It 

is one of the most eagerly anticipated data 

standards emerging from the IHO’s S-100 

framework and has already received major 

recognition from key international  

stakeholders. 
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The Rise of Autonomous Platforms
Recent years have seen the rise of all types of 

autonomous vehicles, from Unmanned Aerial 

Vehicles (UAVs), Unmanned Ground Vehicles 

(UGVs) to untethered Autonomous Underwater 

Vehicles (AUVs) operating in the challenging 

subsea environment. Offering a fl exible turn-key 

solution for a wide range of applications, AUVs 

continue to evolve as a growing, dynamic 

solution. Able to operate in diffi cult-to-access as 

well as hazardous areas where navigation is 

challenging, AUVs offer a fl exible, cost-effi cient 

and safer alternative that acts as a force 

multiplier and enhances the performance of 

traditional solutions for various applications 

including exploration, pre-site installation, 

Leveraging state of the art expertise in inertial navigation systems (INS), iXblue has developed the Phins Compact 

Series, a complete range of subsea INS specifically designed to improve accuracy, bring reliable cost-efficient 

navigation solutions to all AUVs and that is now recognised as a world leader for autonomous navigation.

Phins Compact Series: More 
Robust Autonomy for All AUVS

THIS ARTICLE IS BROUGHT TO YOU BY IXBLUE

 ECA Group AUV integrating a Phins Compact INS. (Courtesy: ECA Group)

touchdown monitoring, undersea inspection, 

Metocean, decommissioning, as well as 

environmental, geophysical and hydrographic 

surveys.

“In many regards, AUVs are some of the most, 

if not the most advanced autonomous platforms 

in the world. They are the only ones that are 

always forced to operate in a GNSS-denied 

environment,” explains Robert O’Malley, 

Business Development manager at iXblue. “This 

is why the navigation solution is such an 

essential component.  Because the navigation 

brings such a critical capability, we understand 

the importance of our position on the market. 

iXblue is not just a supplier of inertial navigation 

systems. We believe that we can actually bring 

more robust autonomy to the platform including 

a growing importance in providing the 

positioning solution with our Gaps Global 

Acoustic Positioning System.”

Reliable Navigation for Enhanced 
Autonomy 
iXblue, recognised worldwide throughout the 

industry for its pioneering work on the 

development of Fibre Optic Gyroscope (FOG) 

technology that has revolutionised the maritime 

and naval inertial navigation systems (INS), has 

thus put extensive efforts into R&D to develop 

new innovative autonomy technologies. A key 

focus for the company, resilient navigation 

solutions have thus been developed by iXblue 

and the company is now considered a major 

actor of this new autonomous era. 

Over the years, iXblue has developed 

long-lasting partnerships with various key 

industry players including private companies, 

research institutes and governments, to fully 

understand and anticipate the needs of the AUV 

market in order to remain at the forefront of 

technological advancements. By truly 

understanding all specifi c aspects of the AUV 

market and its challenges, iXblue was thus able 

to develop the Phins Compact Series INS, 

especially designed to offer a scalable and 

highly accurate and reliable navigation solution 

that enhances AUV autonomy.

Phins Compact Series: the World-
leading Solution for AUV Navigation 
The Phins Compact Series is a genuine 

strap-down solid-state system free of moving 

parts that offers quiet and stealth autonomous 

navigation and does not interfere with sonar 

systems and other payloads’ acoustic noise, 

while also providing increased autonomy to the 
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subsea platforms thanks to its very low power 

consumption. Launched back in May 2016, 

the Phins Compact Series has since been 

chosen by major AUV manufacturers and 

integrators to provide reliable autonomous 

subsea navigation. 

Comprising the Phins C3, C5 and C7, the Series 

offers a fully scalable solution that allows AUV 

industry players to choose the inertial navigation 

system most suited to their needs, whatever the 

platform’s size and mission type. Available in 

OEM versions, the Phins C3, C5 and C7 share 

identical architectures and interfaces and 

incorporate the same algorithms and software, 

enabling customers to re-use the control system 

on any other type of AUV via modern interfaces 

such as Ethernet, reducing initial integration 

costs. Benefi ting from an MTBF (Mean Time 

Between Failures) of over 100,000 hours, 

without any need for preventive maintenance, 

the Phins Compact Series guarantees the 

highest level of reliability and robustness and is 

now considered as the standard navigation 

solution on which AUVs can rely to be fully 

autonomous.

“iXblue’s success on the AUV market depends 

on many factors. One is, of course, our 

unrivalled FOG technology. But one of our other 

strong suits is our advanced algorithms. 

Everything is about data nowadays, and data is 

key to highly reliable navigation. We can think of 

an AUV as being a mix of a lot of very good 

sensors, including DVL, GPS, USBL and LBL, to 

name a few. The challenging part in making the 

platform fully autonomous, is merging all those 

data to provide a reliable navigation capability,” 

states Robert O’Malley. “Thanks to our 

advanced algorithms and Unscented Kalman 

Filter, our inertial navigation systems have now 

become the prime sensor fusion engine, from a 

navigation, position and timing standpoint. This 

is why we are able to bring more robust 

autonomy to those unmanned platforms. 

Overall, we have the best technology available 

for the navigation of AUVs today and this 

translates into the sheer number of iXblue 

systems that are now roaming the oceans in full 

autonomy.” 

 Phins C3 – A compact high-grade INS for portable AUVs. Phins C3 – A compact high-grade INS for portable AUVs.
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Motivation
Egmond aan Zee hosts one of the most popular 

beach sites in the Netherlands. Thus, 

guaranteeing safe recreation for every visitor is 

one of the major concerns in this area. During 

the 2016 swimming season, the Dutch 

lifeguards in Egmond, the Egmondse 

Reddingsbrigade, had to deal with a number of 

fatal incidents caused by strong rip currents. In 

order to gather reliable bathymetry, wave and 

tidal data for the nearshore area, the video 

monitoring system ARGUS was installed along 

the beach (Figure 1). ARGUS is a video 

programme that was initially developed and 

distributed in the United States by the Coastal 

The dynamic appearance of offshore directed currents, mainly rip currents, during the summer season has led to 

several fatal incidents at the beach of Egmond aan Zee (the Netherlands) in the past. A rip current prediction system 

has been set up in order to avoid such incidents in the future. The occurrence and characteristics of rip currents 

depend strongly on subtidal bathymetries, hence detailed survey data is required for accurate predictions. ARGUS, the 

video monitoring system, was considered to provide the prediction system with precise, regularly updated bathymetry 

data. This is why the applicability and reliability of the ARGUS system was investigated in more detail, including the 

testing of additional image processing methods and error analysis tools.

Staring at Waves – Knowing 
What’s Below

Optimisation of a Bathymetry Module within a Rip Current Prediction System

RoMan Schotten, Deltares, the NetherlaNDs

 Figure 1: View from Argus station in Kijkduin with camera in the front and shoreline in the background.
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 Figure 2: Site Egmond aan 
Zee Lighthouse Jan van Speijk; 
Left: Prior cBathy estimate for 
7 June 2013 14:00 GMT ; 
Middle: surveyed bathymetry 8 
June 2013; Right: Difference 
plot cBathy estimate minus 
survey.

Imaging Laboratory of the Oregon State 

University (OSU). The distribution of ARGUS in 

Europe and other regions is carried out by 

Deltares. The system embeds functionalities 

that give details on the location of rip currents 

and their velocities, some of which could be 

dangerous for swimmers. One of the 

applications of this system is the provision of 

this information to lifeguards on site, who can 

then take action before a threat is imminent to 

swimmers (#1). To this day, the forecast relies 

on bathymetry data derived from watercraft 

surveys by means of echo sounding 

measurements. This cost intensive method 

currently creates accurate data in calm sea 

conditions, but cannot maintain its accuracy 

after a storm has reshaped the coastal 

structures. A stationary optical system like 

ARGUS delivers live updated bathymetry at 

lower cost in combination with an appropriate 

analysing method. Therefore, the cBathy 

algorithm was tested to derive bathymetries 

from the optical signals caught by ARGUS.

Process Workflow
The basic principle behind cBathy is the relation 

of wave celerity to radial frequency (including 

the radial wave number), which can be 

described mathematically by the wave 

dispersion relation for airy waves. Thus, the 

basis for the cBathy algorithm is the correlation 

of wave frequency (number of waves per time 

unit at a certain point) to the water depth. The 

information about the frequency and the wave 

number at defined areas of the sea surface can 

be detected by the ARGUS system. Information 

regarding the local water depth and the seabed 

elevation can therefore be derived by observing 

the sea surface.

After the raw data has been gathered, the first 

step of the algorithm is the transformation of the 

signal within the raw input from the time domain 

to a frequency domain. In the second step, 

maps with estimated depths for chosen 

site-specific frequencies are merged, and in the 

final step, the results gained in step II are 

filtered and validated by the application of the 

Kalman filtering method. Several parameters 

can be adjusted to give the algorithm the best 

possible input. Among other things, parameters 

can be found to define the frequency band 

monitored factors to determine incoming wave 

directions as well as indicators for the dynamic 

behaviour of the shore.

cutting overestimation nearshore
Figure 2 exemplarily compares a bathymetry 

derived by cBathy (left) with results of an in-situ 

watercraft survey (middle). Two significant errors 

are displayed in Figure 2. The first plot 

represents the result of cBathy and the second 

plot in the middle represents the ground truth 

data. Subsequently, a difference plot of the two 

is shown in the right plot. The application of 

cBathy on the site of Egmond in 2013 pointed 

out that depths close to the shoreline had been 

incorrectly estimated due to shallow depths and 

swash motions at the shore. An additional 

function was implemented in the process 

workflow with the aim to prevent the 

overestimation of depths nearshore and replace 

this data with intertidal bathymetries (Sembiring, 

2016). In the forefront of this work a contour 

line was inserted which excludes the input data 

from shallow depths. The implementation leads 

to the exclusion of inaccurate estimates and 

improved the quality of the bathymetries at the 

junction between intertidal and subtidal area. 

The improvement can be obtained when 

comparing the difference plot (right) in Figure 2 

and 3.

Smoothing Disturbances at Boundaries
The cBathy algorithm separates inaccurate 

input from reasonable input. Bad depth 

estimates are therefore rejected by the 

application of the Kalman Filter. Ongoing tests at 

the site of the ’Zandmotor’ near The Hague 

were conducted at the Technical University in 

Delft. These experiments highlighted that optical 

wave signals are disturbed by ships, thereby 

falsifying the results of cBathy by a scale of 

around 2m for bathymetry heights 

(Radermacher). This resulted in the introduction 

of a limit for a maximum change within one time 

step. Before results are considered they are 

checked for differences higher than 1.5m. 

Results that exceed this threshold are declared 

unfeasible and are not implemented in the final 

estimate. In addition, a relatively high temporal 

smoothing parameter was introduced. This 

parameter additionally slows down the algorithm 

changing the estimated bathymetry. Changes of 

significant bathymetry height conducted within 

hours due to faulty wave signals were excluded. 

This approach was tested after a storm that 

rearranged the bathymetrical structure. It was 

proven that within days the estimates were 

insignificantly different to a measurement 

shortly after the storm event. 

For the application at Egmond aan Zee, Figure 
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Multimedia

(#1) http://zandmotorapp.deltares.nl/ (@Roderik: A few 
intersections were taken offline. Do you nevertheless want 
this app to be linked in the article as an example?)

Mobile phone application Swimmer Safety: a multi-source 
information platform to control swimmer safety at the 
Zandmotor; R. Hoekstra, C.M. Swinkels, B. Stengs, Deltares, 
Delft, the Netherlands; 

(#2) http://cosmos.deltares.nl/RipCurrentsNL/index.html 

(#3) https://github.com/Coastal-Imaging-Research-
Network/cBathy-Toolbox

 Figure 3: Site Egmond aan 
Zee Lighthouse Jan van Speijk; 
Left: Improved cBathy estimate 
for 7 June 2013 14:00 GMT ; 
Middle: surveyed bathymetry 8 
June 2013; Right: Difference 
plot cBathy estimate minus 
survey.

The combination of cBathy-bathymetries with 
ASM-bathymetries delivers a very important 
approach to the live monitoring of a shore area

Roman Schotten conducted the work 
on the cBathy algorithm as part of  a 
Civil Engineering degree at the 
Technical University in Dresden. The 
work was executed at the Dutch 

research institute Deltares. The team of experts that 
supervised the project consisted of Roderik Hoekstra, 
Giorgio Santinelli, Bas Stengs and Rinus Schroevers. In 
addition, Leo Sembiring of UNESCO-IHE and Max 
Radermacher of TU Delft supported the outcome of the 
present article.

3 shows an overestimation at the northern 

boundaries (x=800-1000m). The assessment of 

the estimated bathymetries and its input 

resolved certain issues within the depth 

estimates due to faulty optical input signals (e.g. 

Kite flights). After the application of the 

previously elaborated technique the 

overestimation at the boundaries is minimal and 

the coherence with the ground truth significantly 

increased. This is underlined when comparing 

the difference plot from Figure 2 and Figure 3.

Result: New Optimised Version of 
cBathy
The application of ARGUS in combination with 

cBathy delivers accurate results. The main issues 

which occurred during tests could be resolved. 

Nevertheless, a confirmation for a generic 

application cannot be made. Coastal structures 

need to be relatively uniform. In order to gain 

precise results for other sites, specific calibrations 

of setting parameters need to be done. At the 

OSU the awareness of setting physical 

parameters within cBathy carefully has arisen.. It 

is underlined that built in parameters can adjust 

the cBathy algorithm to several circumstances. 

The OSU and Deltares are very experienced in 

setting these parameters. In addition, the 

documentation as well as the community of users 

is open, extensive and easy to enter.

cBathy: Past, Present and Future
Deltares has been using ARGUS for 20 years to 

reliably map intertidal bathymetries on several 

sites using the Automated Shoreline Mapper 

(ASM). The application of cBathy and the 

combination of cBathy-bathymetries with 

ASM-bathymetries delivers an approach to the 

live monitoring of a shore area with enormous 

importance. The certainty of ARGUS as well as 

its resulting precision constantly increases with 

the number of users. A final status of the cBathy 

algorithm will not be reached since the horizon 

of applicable sites is wide. The application of 

cBathy concludes a logical step in the chronic 

of ARGUS. The step towards a combination of 

subtidal and intertidal bathymetries will rely on 

further tests where the soundness of the 

parameter settings for cBathy is most valuable.

In January 2017, the Coastal Imaging Research 

Network, consisting of an international group of 

researchers exploiting optical signals in coastal, 

estuarine and riverine environments published 

an open source version of cBathy. This version 

was developed in parallel to the cBathy version 

being applied in the present work (#3). 

It sparks chances to widen an active community 

of users and thus the chance for cBathy to 

reach the status for generic application. 
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What is a multiple aperture sonar?
In multi aperture sonar (MAS), the dynamically 

focused multibeam input from 32 elements is 

used to extend the focus along the whole swath. 

Multiple apertures further enhance the data and 

improve the signal-to-noise ratio. MAS sees 

further and at higher resolution than traditional 

side-scan sonar. However, compared to 

synthetic aperture sonar (SAS), it has a shorter 

range and it offers less resolution, which poses 

the question, when should we use MAS?

SAS the sensor of choice for large AUVs
Most commercial autonomous underwater 

vehicles (AUVs) are being used to survey the 

seafloor. This is due to the ability of AUVs to 

provide a stable sensor platform as well as being 

able to move along a predetermined set of 

waypoints. AUVs outperform all other platforms; 

they can survey for prolonged periods of time, at 

a set distance from the seafloor and sample at 

near constant speed. Since the value of the 

AUV is determined by its ability to survey, their 

value increases with improved sensing 

technology. SAS systems have become the 

sensor of choice for many commercial systems. 

SAS operate at lower frequency than their 

side-scan counterparts. This means that they 

can operate over longer ranges with often 400m 

swaths. By synthesising a longer array, SAS also 

provide very high-precision data approximately 

5cm x 5cm across the whole swath. The 

problem with SAS is its space, weight and power 

(SWAP) requirements. SAS arrays are heavy 

and big. They need 100 Watts to operate. This 

means that their use has been limited to large 

AUVs, which can carry more batteries, heavier 

loads and bigger instruments. The problem with 

these larger AUVs is that they also need larger 

vessels and crews to operate them, which 

means higher operating costs. 

Man-portable AUVs offer lower 
 logistics
Offering reduced operational costs, 

man-portable AUVs can be operated from 

smaller vessels or vessels of opportunity. They 

are also quick to mobilise. However, their SWAP 

budget is severely restricted compared to their 

larger counterparts. For small AUVs 

Underwater vehicle operators have to make a choice when deciding on a sonar imaging system to integrate 

on their systems. The decision could result in a trade-off, with a choice to be made between achieving high 

levels of range and resolution and power and weight budgets. The decision made can impact the value of 

subsea survey, classifying and mapping operations. But does it always have to be a trade-off? 

Choosing the Right Sonar  
Imaging System for Autonomous 
Underwater Vehicles

Multi Aperture Sonar - a Low-logistics Alternative to SAS

IoSebA TenA, Global business ManaGer, sonardyne international

The value of AUVs increases with improved 
sensing technology

 In MAS, targets can be clearly detected even at extreme ranges.
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compromises need to be made when choosing 

payloads. It is not just the sonar payload. The 

AUV will also require instruments to navigate 

and communicate, which place an additional 

burden on the SWAP budget. On these systems, 

SAS are not an option; they are too large, too 

heavy and too power hungry. Traditional 

side-scan sonar systems have been the 

instrument of choice for smaller AUVs. Their 

power requirements are close to 20 Watts. They 

are small and light. This comes at the expense 

of performance. At 150m swath, it is not just the 

limited range, it is also the limited 0.3° 

along-track beam resolution of the latest 

generation systems. There is a big gap between 

side-scan sonar and SAS. This has limited the 

use of small, man-portable AUVs to very shallow 

waters where larger AUVs cannot be easily 

launched or recovered. MAS systems can close 

that gap.

MAS the alternative to SAS for small 
AUVs
MAS systems excel when mounted on AUVs. By 

equipping a MAS on an AUV, operators increase 

the range and precision of the AUV. MAS 

technology can be designed to operate with a 

very restrictive SWAP budget. It can operate with 

the same power required to operate side-scan 

sonar systems. This makes MAS ideal for rapid, 

low-logistics, long endurance, high-resolution 

deployments of AUVs. The additional benefit is 

that MAS offer longer ranges at higher 

resolution. The resolution is comparable to SAS 

near the nadir and is at least two times better 

than side-scan along the whole swath. A MAS 

system improves the data of the AUV.

Link to video: https://youtu.be/bDxwAhkT-gs 

Solstice from Sonardyne
Solstice from Sonardyne is a class leading MAS 

system designed to suppress multi-path effects 

and improve the highlight and shadow contrast 

of generated images. Solstice uses a real-time 

technique to dynamically re-calibrate each 

individual hydrophone element several times a 

second to compensate for any dynamical 

strains. The overall process generates narrow 

(0.15°) along-track beams and provides 200m 

swath. Solstice only draws a maximum 21 watts 

(including the data-acquisition processing). The 

precision of the sonar over the initial 50m swath 

is comparable to SAS systems. At 75m range 

the precision is better than two times that of the 

closest side-scan sonar and unlike those 

competitors, Solstice can provide data over a 

200m swath. For a sonar that offers 

interferometry, in other words 3D images, and 

motion compensation, it is small and light, 

making it ideally suited for a two-person portable 

threshold. This is evidenced by results obtained 

in recent trials. Solstice was mounted on a 

Bluefin-9 AUV and used to find lobster pots 

measuring approximately 800mm long, 600mm 

wide and 400mm wide at different ranges. The 

lobster pots were at different ranges from the 

sonar and the results demonstrated that Solstice 

could be used to find lobster pots even at a 

92m range. The results validate the value of 

MAS. Like SAS data, Solstice data is displayed 

in tiles, but it is a well understood format and 

leading software companies can import the 

data.

Link to video: https://youtu.be/n1B1wMULa-U 

Improving the area coverage rate, 
increasing value
AUVs have transformed the way side-scan 

sonar surveys are carried out. Many of the 

world’s navies have incorporated AUVs into their 

operations. Used to survey, classify and map, 

AUVs can be deployed in challenging littoral 

waters and obtain actionable results. The sonar 

images they gather help operators make better 

MAS is ideal for rapid, low-logistics, long 
endurance, high-resolution deployments of 
AUVs

 The new Bluefin-9 equipped with Solstice from Sonardyne.
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Ioseba (Joe) Tena is tasked with shaping and growing Sonardyne’s instrument business for 
marine robotic systems across all application domains including offshore energy, defence and 
ocean science. He works alongside his colleagues to ensure that clients’ operational 
requirements are completely satisfi ed through the delivery of low-risk subsea technologies, 
products and services. He has been involved in developing smart solutions for the underwater 
vehicle industry for more than two decades and continues to lend his expertise to the engineering 
team.

decisions, which in turn help them save time 

and better manage risk. Improving the value of 

the data gathered by the AUV ultimately serves 

to increase the value of the AUV itself. A simple 

statistic used to defi ne this value is the area 

coverage rate (ACR). The ACR is defi ned as the 

area in metres squared that is surveyed every 

hour. A larger ACR means more value. However, 

ACR needs to be determined by the resolution 

required from that survey. For instance, if the 

purpose of the survey is to fi nd lobster pots, the 

ACR of any system will be limited to areas in 

which the lobster pots are observable. For 

instance, a low-frequency, low-resolution sonar 

may have a large operational range; if it cannot 

observe the lobster pot, its effective ACR will be 

0m2/hr. MAS therefore offer substantially more 

value.

Better data also means improved 
 operations
A larger ACR increases the effi ciency of the 

operation as the AUV gathers more data in less 

time at the required resolution. Better resolution 

also benefi ts the tempo of the operations. It is 

common for the output of an AUV operation to 

be used to input into a wider scope of work. 

Navies may map the location of objects that 

need to be inspected in closer detail. Oil 

companies may use the data to draw an 

inspection schedule for a subsea asset. The 

data may be analysed by a human operator or 

computer-aided detection and classifi cation 

algorithms (CAD/CAC) to automatically analyse 

it. Regardless of the analysis technique, every 

miss-identifi cation will require increased 

deployments for divers, AUVs or perhaps 

remotely operated vehicles (ROVs). That will 

add time to the scopes of work. Thus, better 

imagery has a wider impact than just ACR rates.

MAS has started to become widely 
adopted 
Leading suppliers of AUVs have integrated MAS 

across many different size platforms. In 2014, 

an initial case study saw Solstice integrated on a 

Bluefi n-12 used to inspect a pipeline end 

manifold. The data from that mission was of 

such high quality that it encouraged a number 

of clients to explore opportunities for MAS in 

other missions. Solstice has also been integrated 

to a Double Eagle in support of mine-hunting 

missions. In 2017, Solstice was integrated on 

the National Oceanography Centre’s Autosub 

Long Range and used to survey and fi nd 

man-made leaks. The system was able to 

identify various sized leaks across different 

ranges, including leaks of 10l/min of CO2. 

General Dynamics Mission Systems launched 

their new Bluefi n-9 at Oceans 2018. Bluefi n-9 

is a two-man portable AUV which comes 

equipped with Solstice as standard. 

 

MAS vs SAS?
Each side-scan modality has its strengths and 

weaknesses. For man-portable AUVs, MAS is 

the best choice, fi tting well within the SWAP 

budget of the smaller platforms. SAS are a good 

alternative for large AUVs, but require additional 

logistics, larger vessels and crews to operate. 

They are also not easily deployed in very shallow 

waters. 
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Walking the floors of a modern Oi event seems 

like a far cry from those first tentative steps, 

taken half a century ago; but ocean industry 

expansion and a parallel awakening of 

ecological awareness were already indicating 

the need for a coherently-organised forum 

through which ocean science and marine 

technology innovators and commercial 

concerns could network and flourish. 

In 1969, the complementary disciplines of 

hydrographic surveying and marine exploration 

were being accelerated by, for example, 

significant advances in side-scan sonar 

technology, the appearance of multibeam swath 

systems and developments in the operation of 

remotely-operated underwater vehicles (ROVs). 

As regards Oceanology International, the 1969 

launch event was attended by an overall total of 

600 people: a respectable starting figure, and 

indicative of the new interest in all aspects of 

oceanography which, of necessity, was being 

generated off the back of the burgeoning oil & 

gas industry.

In the intervening years, the biennial Oi events 

have stealthily but steadily increased in stature 

and scope. The 25th anniversary event took 

place in 1994, and Hydro International has 

been closely affiliated with Oi since the 

magazine’s first issue was printed in 1996. An 

expedient move to the larger premises of ExCel 

London in 2000 has allowed the Oi programme 

to grow in a literal sense: the ExCel’s location, 

adjacent to the Royal Victoria Dock, means that 

vessels can berth alongside, enabling exhibitors 

to stage on-water product demonstrations which 

Given its comparatively humble beginnings in Brighton in 1969, it is interesting to consider the extent to which 

the Oceanology International exhibition and conference has grown over the last 50 years. The role that Oi has 

played in the progression of ocean science and technology will be highlighted at the second Oceanology 

International Americas event, OiA ‘19, which will be held in the San Diego Convention Centre, 25-27 February 

2019. Reliable estimates suggest it will host more than 200 exhibitors and in excess of 2,750 attendees.

Oi Turns 50 as Second Americas 
Edition Appears on the Horizon

Oceanology International (Oi) Will Celebrate its 50th Anniversary in Fine 
Style at San Diego Convention Centre, 25-27 February 2019
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attendees can experience on board the vessels 

themselves, or view from a covered dockside 

cabin.

Moving East and to America
Oceanology International’s flourishing global 

profile received a further substantial boost when 

Oi China was launched in Shanghai in 2013, 

connecting exhibitors to a thriving new 

marketplace. Oi China 2017 and 2018 were 

held in Qingdao, widely recognised as a key 

maritime technology hub with its laboratories, 

research centres and universities, but the event 

will be heading back to Shanghai for the 2019 

edition.

2017 marked the inception of Oceanology 

International North America, subsequently 

rebranded as Oceanology International 

Americas. After a successful debut event in the 

San Diego Convention Centre, the same venue 

will host OiA ‘19: and it is interesting to 

speculate whether the organisers of the 1969 

Brighton show could possibly have foreseen that 

Oi would still be running 50 years later, let alone 

celebrating its half-century on a different 

continent altogether.

“It’s a privilege to be presenting Oi’s 50th 

anniversary in San Diego, but it also makes a 

great deal of practical sense,” says Jonathan 

Heastie, senior event director with Reed 

Exhibitions, the organisers of the event. 

“Oceanology International, as the name clearly 

indicates, has always striven to be an inclusive, 

global concern: its influence continues to 

spread outwards, and as San Diego is such a 

vibrant, well-connected hub for the Blue 

Economy, it’s the ideal setting in which 

representatives from different industries and 

countries can conduct business while catching 

up with the most forward-thinking strategies and 

technological developments.”

 

Future Tech Hub
Presented by Reed Exhibitions in association 

with the Maritime Alliance and other leading 

industry groups, OiA19 will echo the opportune 

approach pursued at the ExCel London-based 

events by enabling exhibitors to access the 

water adjacent to the convention centre for 

on-water product demonstrations. In 

repositioning itself as a broadly Americas-

focused platform, the expanded OiA ‘19 event is 

set to attract a wealth of new stakeholders from 

countries including Brazil, Argentina, Mexico, 

Chile and the Caribbean. New for OiA ‘19 is a 

Future Tech hub highlighting technological 

initiatives which have emerged since the last 

show, plus a Scripps-hosted Marine Institutes 

pavilion encompassing 10 or more American 

academic hubs and institutes.

With pleasing circularity, OiA ‘19 supporting 

partners include the Society of Underwater 

Technology (SUT), which sponsored the very 

first Oi event in 1969 and is leading on the 

technical programme for this latest edition. To 

mark Oi’s 50th anniversary, SUT is offering an 

exclusive deal whereby interested parties can 

apply for SUT membership now and gain 

access to all member benefits until 30 June 

2020 for just £76, the price of a normal 

one-year subscription. Go to sut.org/

sut-membership and enter the special offer 

code, Oceanology50.

With so many exhibitors, a vast range of 

categories will inevitably be well represented: 

everything from mapping systems, offshore 

construction, offshore oil & gas and marine 

renewables to fisheries and aquaculture, 

bathymetric survey, environmental management 

and underwater vehicles. In the latter category, 

as an illustrative example, Riptide Autonomous 

Solutions (stand B41) will be discussing its new 

6,000m-rated AUV/UUV (autonomous 

underwater vehicle/unmanned underwater 

vehicle). “We believe this will be the first 

low-cost UUV to be rated to full ocean depth,” 

comments Jeff Smith, Riptide’s president. “All 

OiA19 visitors working in the deep ocean should 

be interested, since our product line of AUV/

UUVs are highly flexible platforms for a broad 

range of missions. Customers should visit our 

stand to explore the operational benefits of 

second-generation AUV/UUVs: we can discuss 

specific requirements and provide 

recommendations for the most affordable, best 

technical solution.”

DECO Geophysical Software (RadExPro 

Software) on stand K13, meanwhile, will be 

promoting RadExPro seismic software for 

advanced processing of HR/UHR shallow 

marine seismic data. As a special OiA19 

promotion, DECO will be offering 10% off the 

software licence price if a PO is received within 

a month of the show ending.

Elsewhere on the exhibition floor, hydrographic 

services companies including Liquid Robotics 

(stand E31), Global Dynamix Inc (stand G60), 

Ocean Innovations (stand F20a) and Norbit 

Subsea (stand D11) will be promoting their 

businesses – and Hydrography, Geophysics and 

Geotechnics also constitutes a major pillar of the 

OiA ‘19 conference programme, as one of a 

series of technical tracks exploring the latest 

advancements in ocean science and 

technology. Other topics covered over OiA’s 

three-day duration will be Unmanned Vehicles, 

Vessels and Robotics; Ocean ICT; Marine 

Pollution and Environmental Stressors; 

Navigation and Positioning; and Observation 

and Sensing.

Focus on the Future
Rounding out the conference programme are 

two one-day content and networking events 

focusing on specific contemporary and future 

topics. On the opening day, Monday 25 

February 2019, the Ocean Futures Forum will 

bring together heads of business and senior 

strategists to consider the role of ocean science 

and technology in developing a sustainable Blue 

Economy. On the following day, Tuesday 26 

February, Catch The Next Wave 2019: Frontiers 

of Exploration (presented in association with The 

Explorers Club) will examine the symbiotic 

relationship between technology and 

exploration, with the latter as a driver for 

beneficial technical breakthroughs which, in 

turn, enable further exploration to take place.

The CNTW programme includes the 

extraordinary Walter Munk of SCRIPPS, Erden 

Eruc, best known for his feats of human-

powered circumnavigation of the earth, Dr 

Michael Gernhardt, Astronaut, and the director 

of SCRIPPS, Margret Leinen, as well as other 

inspirational individuals who will be sharing 

stories and expertise.

For more information and to register, visit  

www.oceanologyinternationalamericas.com and 

click on ‘register’. Registration can be 

completed via LinkedIn or email, and early-bird 

rates end on 21 December 2018. Exhibition 

entry is free of charge. 
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David Fisichella, conference chair, said: “As 

research vessel technicians, we work with 

scientists from all over the world on our vessels, 

but we don’t often get to collaborate with our 

peers from different countries. What makes 

INMARTECH so special to me, is the ability to 

collaborate with people from around the world 

that I would not normally collaborate with.”

A selection of the topics presented and 

discussed included: Latest developments in 

ultraclean water sampling by NIOZ, Initiative to 

enhance the international exchange of marine 

technicians by the University of Alaska, 

Discussion on synthetic alternatives for 

CTD-wires by WHOI and the Development of a 

100% hydrogen zero emission research vessel 

by Scripps. Participants also had the possibility 

to meet and mingle with a wide range of 

suppliers of marine research equipment, and to 

participate in skillset sessions on a range of 

topics including Wire terminations and 

Debubbler installations.

Fisichella continued: “Personally I have been 

partial to the satellite communication sessions, 

because that seems to be the bottleneck for a 

lot of what we are trying to accomplish. We get 

the most complaints from our shipboard users 

on the internet experience at sea and we are 

trying desperately to make that better. For future 

INMARTECH’s, I would like to see more training 

and exchange sessions for technicians. We have 

quite a number of sessions to share and explore 

ideas and technology, but I would like to see 

that expand.”

Chris Roper of Saab Underwater said: “This is 

my first INMARTECH and I am very pleased 

with the caliber of people at the conference. 

What I see as the next step in ROV and AUV 

operations is to have them submerged for longer 

periods. In other words: resident presence and 

a stronger telepresence control. This enables us 

to get more knowledge at a better cost by having 

smarter technology available, less ships at sea, 

and keeping instruments in the ocean longer. 

Miniaturisation of electronics and advancements 

in computer control have made it possible to 

bring these operations to the next level. 

Resident presence and remote control are 

becoming more and more possible in subsea 

operations - we are delivering this technology 

today.”

Harsen Kocan, design engineer, load handling 

systems for research vessels at Triplex-

Macgregor, said: “In deploying CTDs, you see 

more and more automation of the process, 

resulting in having less hands on. Improvements 

are made in the stabilisation of the CTD-rosette 

during launch and recovery by making 

improvements in the docking head system. By 

using a constant tension feature on the winch, 

you are just driving the crane itself, and the winch 

will follow, whatever you do, in whichever 

direction you go. That makes things easier, faster 

and safer for the operators. Other improvements 

are seen by using snatch blocks in cable routes, 

making it easier for operators to reroute cables 

without disconnecting the termination. Finally, the 

development of a Virtual Reality Simulator 

containing full detail 3D models of all the 

equipment and the vessel enables  the crew to 

get training in operations and maintenance. They 

can actually go inside the hydraulic power unit to 

see all the parts, for example, or have a look into 

complex trolley systems.”

The full programme and the presentations can 

be found at: www.unols.org/event/

meeting/2018-inmartech. 

Research vessel marine technicians from all over the world gathered in Woods Hole, MA, from 16-18 

October for their biannual INMARTECH 2018 conference. Organised by the Woods Hole,   

Oceanographic Institution (WHOI), the conference was the largest to date.

Research Vessel Technicians Meet 
their Peers at Woods Hole Oceanographic

INMARTECH 2018

Marck SMit, contributing editor, Hydro international

 INMARTECH 2018 participants. (Courtesy: Caitlin Mandel, UNOLS)
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