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TheNeXOSproject is developingnew multifunctional sensorsystemssupportinga numberof scientific,technicaland societalobjectives,rangingfrom more precisemonitoring and modellingof the marineenvironmentto an
improved managementof fisheries. Severalsensorswill be developed,basedon optical and passiveacousticstechnologies,addressingkey environmentaldescriptorsidentified by the EuropeanMarine StrategyFramework
Directive(MSFD)for GoodEnvironmentalStatus(GES). Two of the new sensorswill alsocontribute to the EuropeanUnion CommonFisheriesPolicy(CFP),with a focuson variablesof interest to an EcosystemApproachto
Fisheries(EAF). An objective is the improved cost-efficiency,from procurement to operations,via the implementationof severalinnovations,suchas multiplatform integration, greater reliability through better antifouling
management,greatersensoranddata interoperabilityand the creationof marketopportunitiesfor Europeanenterprises. Requirementswill be further analysedfor eachnew sensorsystemduringthe first phaseof the project.
Thosewill then be translatedinto engineeringspecifications,leadingto the developmentphase. Sensorswill then be tested,calibrated,integratedon severalplatform types,scientificallyvalidatedanddemonstratedin the field.
Translationto productionandbroadadoptionarefacilitatedby participatingindustry.

Requirements are difficult to generalize as
observations are carried out from different
platforms (ships,moorings,underwatervehicles,
buoys) in different zones(coastalzones,ocean
margins, and open oceans) and on different
spatio-temporal scales. Thus there are a lot of
diverseand potentially conflicting requirements
that shouldbeaddressedandbalanced. A3 steps
approach has been taken as part of NeXOSin
order to be used as baseline for sensor
requirements:

Step1: to define user scenarios that are already in practice for 
ocean observations:

Step 3: to organizea series of short workshops focusedon three classesof inputs: sensor
designersandmanufacturers; scientistsandusers; systemoperatorsandinformationrepository
leadersto get inputsfor thesescenarios.

Step2: to includethe requirementsdefinition asa core
part of the system engineering approach in NeXOS
which addressesthe end-to-end processof defining,
developing, and testing/validation of the system
performance. Stepsin the processare illustrated in a
systemengineeringά±έdiagram, shownbelow.

Scenario Short Description Sensor capability Platform
Observations for 
sustainable fisheries

Using fishing vessels for 
oceanography and better 
management of fisheries, 
installing  sensors on the fishing 
gear

Physical, 
chemical, and 
biological

Fishing vessesl 
and nets

Soundscapes monitoring 
for GES

Measuring noise and presence 
of species from several platform 
types

Physical Gliders, floats 
and buoys

Carbon Sequestration Quantifying the complete 
carbon system in seawater

Physical, 
chemical, and 
biological

Ferrybox on 
vessels

Hydrocarbon 
observations

Discovering a small/medium 
seafloor leak of gas or oil 

Physical, 
chemical, and 
biological

Gliders, floats, 
wave gliders

Preliminaryresultsof inputs from NeXOSRequirementWorkshops

ÅSensors should be fit for purpose or adaptable to purpose consistent with cost and operational constraints. For certain 
applications like long-term measurements higher accuracies are needed

ÅThe NeXOSobservation system framework should enable and facilitate optimized use of existing sensors and the development 
and incorporation of new sensors 

ÅSensors shall be robust and long-term stable enabling lower maintenance costs

ÅRoutine and systematic sensor calibration shall be supported where feasible and consistent with platform alternatives

ÅSensors should permit multiple use of collected sensor information 

ÅSensors should be adaptable to inclusion on multiple classes of platforms through standardized hardware and software 
interfaces, preferably using plug-and-play formats

ÅSensors shall store essential information for instance about the calibration status as part of their own electronic system

ÅTechnology Readiness Level will be defined and assessed in a traceable manner.

ÅCommon standards should be used for inputs, outputs and interfaces unless unavailable

ÅPhysical configurations should allow rapid replacement of sensors on platforms

ÅSensors shall be web-accessible

ÅBiochemical parameters/ measurements are of growing importance.

ÅSingle use sensors should have a low priorityTomeet the requirementsof increasingenvironmentalawareness,optical techniquesoffer a goodopportunity
for a wide range of application requiring spatio-temporal measurements. Within NeXOSa number of
innovative, compact and cost efficient multifunctional sensorsystemsfor optical measurementsare under
development:

Carbon sensor system: For the understandingand quantification of the carbon system in the ocean, a
minimumof two of the followingvariablesneedto be assessed; pH, total alkalinity(AT),inorganiccarbon(CT),
carbonateion (CO32-), andthe partial pressureof CO2 (pCO2). NeXOSinnovations: a new compactautonomous
sensorsystemcombininghigh precisionsensingof pH,AT,and the carbonateion together with a membrane-
based pCO2 sensor will be developed. This system should offer reliable measurementsunder varying
conditions in terms of stability and precision to allow long-term observationswithout time-consuming
maintenance(Figure1).

Matrix-fluorescencesensor: Fluorescenceis a sensitiveand very specifictechniquethat is widely availableas
singlewavelengthfluorometers for in situ applications. The developmentof multi-wavelengthfluorescence
sensorshas gained interest due to a broader application range while limiting the integration costs. NeXOS

innovations: Inspiredby the successof laboratorybasedexcitation-emission-matrix fluorescencespectroscopy
(EEMS),NeXOSwill proceedfrom multi-wavelengthto matrix-fluorescencein situ sensing(Figure2).

Hyperspectralcavity absorption sensor: Hyperspectrallight absorption measurementsprovide information
about relevant water constituentssuchas dissolvedorganicmatter, suspendedmaterial and phytoplankton.
Combinedwith a spectralanalysis,a discriminationof different water constituents(includingmanyparameters
of water quality assessment)and phytoplanktontaxonomicgroupsis made possible. NeXOSinnovations: an
optimizationof the OnlineHyperspectralintegratingcavityabsorptionmeter (OSCAR,TriOSGmbH,Germany)
to fit the needsof a continuousmeasuringflow-throughsystem(ft-PSICAM)isplanned(Figure5).

The MSFDand the increasingneed to monitor
underwater noise for Environmental Impact
Assessmentsof marine activities have increased
demand for cost-effective multipurpose acoustic
instrumentation. Nevertheless,it hasbeenhard to
meet the demand for acoustic measurements
becauseof the costof marineacousticsensorsand
acoustic data processing, driven, in part, by
operationalcostsof labor.

NeXOSinnovations: a novel,cost-efficient compact
and integrated sensorsystemfor passiveacoustic
measurementsis under development focusedon
the pre and post-processing of acoustic
information and improved transducerintegration,
reducing size and cost while increasing
functionality(Figure6).

Wirelessminiaturizedsensorsare of interest to fisheriesmanagers,
fishermen, fisheriesresearchinstitutes and oceanographers. Faced
with the lack of data to assesspreciselythe spatial distribution of
catchandfishingeffort andfor the environmentalcharacterizationof
the fishingarea,IFREMERhasimplementedthe RECOPESCAproject.
The project consistsin fitting out fishing vesselswith sensorson
fishinggears(Figure7) andaboardthe vesselitself (Figure8). These
sensorsrecorddataon fishingeffort andphysicalparameterssuchas
depth,temperature,salinityor turbidity.

NeXOSinnovations: prototype sensorsfor oxygenand chlorophyll
measurementsare under developmentfor their applicationsto fish
population assessments. Theseparametershave been reported as
Essential Ocean Variables by the operational oceanographic
community.

The variety of systems,sensorsand platform types calls for a standard
approachto collect data from instruments. This is the objective of the
SEISI(SmartElectronicInterface for Sensorsand Instruments) (Figure9)
for the instrument side, and the NeOSSensorWeb architecturefor the
client side.
SEISIwill employ a set of standardsand functionalities that the NeXOS
instrumentswill incorporatein order to harmonisethe way of accessing
instruments data and metadata. Manufacturers,observatoryoperators
and platform designerswill be encouragedto apply this set of standards
andfunctionalities.

On the user side, a driving factor behind the designof the SensorWeb
architecture is the provisionof a cost-efficient solution that allows data
providers to integrate their sensorsand sensordata easily into a web-
based infrastructure. This aim of a cost-efficient approach is achieved
through several characteristics of the architecture: Re-Usability,
Interoperability(through the useof international standards; SensorWeb
Enablement) andOpenSource.

Innovative Biofouling
Protection: NeXOSproposes an 
innovative scheme using active 
protection, controlling biocide 
generation with a biofilm 
sensor. This will have high 
efficiency for optical sensors, 
low power consumption and 
negligible environmental 
impact. The scheme will involve 
the application of a conductive 
coating on the transducing 
interfaces of the sensors. This 
coating will allow micro-
surface-electrolysis, and very 
little biocide will be produced 
over the entire sensor.

NeXOSpromotesa multi-platform strategyshiftingtraditional sensoruseon a dedicatedplatform to the useof multifunctionalsensorson severaltypesof platforms. Theinnovative
aspectsof NeXOSincludethe platform integration processand novelmethodsof sensormanagementincludingtwo-way communication(SEISIsmart sensorinterface)and direct
datadissemination(SensorWeb)to endusers. NeXOSwill demonstratethe newsensordevelopmentsin realoperationalscenarioson variousplatforms.
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Figures 3 and 4:Biofouling in 
optical sensors 


