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each RANS grid are not determined a-
priori, but decided on-the-go as the com-
putation proceeds, based on suitable cri-
teria.

Two different non-intrusive approaches
to uncertainty quantification, resulting
in two batches of simulations, have been
considered in [1]: the Multi-Index
Stochastic Collocation (MISC) method
[2] and an adaptive Stochastic Radial
Basis Function (SRBF) method [3]. The
former samples the ship speed/draught
space in a rather structured way (panel
(b) of Figure 1), while the latter results
in a more scattered sampling (panel (c)
of Figure 1). Different colours denote
the different RANS grids used at each
ship speed/draught combination.
Despite the differences in the sampling
strategies, both methods give similar
results: the average (expected value)
ship resistance (at model scale) is
around 52 Newton, while the standard
deviation is around 22 Newton. The full
probability density function, shown in
panel (d) of Figure 1, features a heavy
tail towards large resistances. Our expe-
rience suggests that MISC seems to
reach a good accuracy for slightly
smaller computational costs than SRBF,

while SRBF seems to be more robust to
the numerical noise that affects the
RANS simulations, especially on the
coarser grids. All in all, however, both
methods seem to be viable candidates to
tackle more complex problems with a
larger number of uncertain parameters.

In summary, the design of efficient
seagoing vessels is vital for a sustain-
able blue growth. Ship performance
analyses become more meaningful if
they report the uncertainty quantifica-
tion analysis, i.e. the variability of the
performance due to the unavoidable
uncertainties in the operating regime,
which means that several scenarios
should be tested, and results condensed
in statistical terms (average, standard
deviation, etc). Recently developed
multi-fidelity, adaptive algorithms can
provide these figures in a time-effective
way, and further research in this area is
mandatory to make these methods even
more reliable, effective and ready for
the general public.

Links:

[L1] http://www.inm.cnr.it/
[L2] http://www.imati.cnr.it/
[L3] http://www.holiship.eu/
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A New Approach to Underwater Technologies for
Innovative, Low-cost Ocean Observation: NAUTILOS

by Gabriele Pieri (ISTI-CNR)

The NAUTILOS project aims to fill some of the existing gaps in marine observation and modelling by
improving the measurement of chemical, biological and deep ocean physics variables. A new generation of
cost-effective sensors and samplers is being developed, integrated into observation platforms and deployed
in large-scale demonstrations off the coastline of Europe. These will complement and expand existing
observation tools and services, allowing researchers to obtain data at a much higher spatial resolution,
temporal regularity and length than is currently available at a European scale. It will also facilitate and
democratise the monitoring of the marine environment for both traditional and non-traditional data users.

Environmental observational research in
coastal and shelf sea environments,
which are characterised by substantial
dynamic variability [1], has its own spe-
cific challenges. Dense observation
efforts in time and space are required to
assess biological, chemical and physical
processes that are very patchy in nature,
such as mesoscale features. Typically,
the processes are also highly variable in
time due to short-term environmental
forcings like upwelling and mixing
events that may result in potentially
harmful algal blooms. We need a high
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level of spatial resolution and both high
temporal resolution and length (i.e.
time-series) to accurately quantify vari-
ables such as temperature, momentum,
biological and biogeochemical fluxes,
how they are changing, and what
processes are forcing these changes.
High quality data can help us manage
and mitigate events that might have
adverse climatic, environmental and
economic outcomes.

The NAUTILOS project focuses on
both the deep ocean at depths of greater

than 200 m, and the open ocean envi-
ronment above it. These are the least
observed but largest habitats on our
planet (see Figure 1). Future deep ocean
observing needs greater integration
across disciplines and sectors, best
achieved through demonstration proj-
ects and facilitated reuse and repur-
posing of existing deep-sea data efforts

(2].

The next step in the evolution of the
marine monitoring system will be the
widespread adoption of autonomous in
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situ sensing. There is a need to explore
and test new technology that will make
it more affordable to acquire, deploy
and maintain monitoring and observing
stations to fill the in situ observational
gaps of ocean observation systems.
With increased spatial resolution and
frequency of in situ collection and a
greater volume of information coming
from cost-effective and more widely
disseminated sensors, many new opera-
tional products will become available.
With these will come new forecasting
capabilities and processes for under-
standing the ocean. The improvement
and effectiveness provided by this new
"digital ocean" observation paradigm
based on big data can be statistically
evaluated using oceanographic models
of different data availability scenarios
and evaluating the improvement of
forecasting capabilities. These sce-
narios would reflect the potential
increase in spatial resolution, time
frame and gap closure of the acquired
data anticipated by this project.
Technology maturation will promote
the “democratisation” of marine envi-
ronmental monitoring through the pro-
duction of small, cost-effective sensors.

Such a realisation will broaden the
range of users who will benefit from the
increase in data and forecasting models.
It will enable both traditional users,

such as oceanographers, researchers
and technology providers, and others,
such as citizen scientists, resource man-
agers, policymakers and environmental
monitoring groups, to access new and
improved resources. The full adoption
of the technologies developed and
demonstrated in project NAUTILOS
can only increase participation in envi-
ronmental observation, help reduce the
costs of the technology, and thus mul-
tiply the social, economic and environ-
mental benefits and positive impact of
the project.

The NAUTILOS project, funded by the
EU under the call H2020-BG-2020-1, is
an Innovation Action Pilot that is just
starting its activities, which are foreseen
to last for four years. The consortium,
composed of 21 partners from 11 coun-
tries from across Europe, is coordinated
by the National Research Council of
Italy (participating with three different
institutes), has a wide, complementary
and multidisciplinary expertise in var-
ious fields ranging from oceanography
to biology and biogeochemistry, as well
as from data processing and modelling
to marine technological applications
and research infrastructures. Apart from
the coordinator , the involved partners
are: the “Hellenic Centre for Marine
Research”, the “Norsk Institutt for
Vannforskning”, the “Suomen

Figure 1:
The NAUTILOS Project concept.

Ymparistokeskus”, the “Institut
Francais de Recherche pour
I'Exploitation de la Mer”, the “Centre
National de la Recherche Scientifique”,
“ETT S.p.A.”, “EdgeLab S.r.1.”, the
“Universidade do Algarve”, “NKE
Instrumentation S.a.r.l.”, “Aquatec
Group limited”, “SubCTech GMBH”,
the “Centro de Engenharia e
Desenvolvimento”, the “Haute Ecole
Specialisee de Suisse Occidentale”, the
“Centre Suisse d'Electronique et de
Microtechnique SA”, the “University of
Lubljana”, “Fudagao EurOcean”, the
“Deutsches Forschungszentrum fur
Kunstliche Intelligenz GMBH”, the
“University of Calabria”, the “Instituto
do Mar”, and “EvroProject OOD”.
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