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Development of innovative monitoring technologies in the framework of InnovaMare
Project

The IT-HR InnovaMare project, led by the Croatian Chamber of Economy, puts together policy
instruments and key players for development of innovative technologies for the sustainable
development of the Adriatic Sea (https://www.italy-croatia.eu/web/innovamare). The project aims
at enhancing the cross-border cooperation among research, public and private stakeholders
through creation of a Digital Innovation Hub (DIH). The goal is to increase the effectiveness of
innovation in underwater robotics and sensors to achieve and maintain a healthy and productive
Adriatic Sea, as one of the crucial and strategic societal challenges existing at the cross-border
level.

Within InnovaMare, CNR ISMAR and INM institutes and OGS, in cooperation with the University
of Zagreb and other project partners, contribute to developing a solution to access and monitor
extremely shallow water by means of portable, modular, reconfigurable and highly
manoeuvrable robotic vehicles. The identified vehicle is SWAMP, an innovative highly modular
catamaran ASV recently developed by CNR-INM. SWAMP is characterised by small size, low
draft, new materials, azimuth propulsion system for shallow waters and modular WiFi-based
hardware & software architecture.

Two SWAMP vehicles will be enhanced with a series of kits, tools and sensors to perform a
series of strategic actions in the environmental monitoring of the Venice Lagoon:

i) An intelligent winch kit with a communication cable for the management of underwater
sensors and tools.

ii) A GPS-RTK kit for highly accurate positioning in the range of centimetres.

iii) An Autonomous programmable device for image acquisition and processing based on the
Guard1 camera. This camera acquires images content and, by means of a supervised machine
learning approach, recognises/classifies features such as fish, zooplankton, seabed,
infrastructures. The system is conceived for autonomous monitoring activities extended in time
in fixed or mobile platforms.

iv) A Multibeam Echo-sounder (MBES) coupled with an IMU (for pitch-roll compensation). MBES
data can be used, also coupled with Cameras Imagery, through image-detection techniques for
reconstruction and comprehensive knowledge of underwater environment and infrastructures.
Possible analyses in coastal areas are: seabed mapping also for cultural heritage, offshore
structures and resources and monitoring of biodiversity, hydrocarbon, marine litter, pollution.

https://www.italy-croatia.eu/web/innovamare


v) An underwater Radiometer for multiple analysis: temporal dynamics of optical properties of
water; temporal dynamics of water turbidity from water reflectance; submerged vegetation and
water depth mapping in optically shallow water; produce reference data for validation of satellite
data.

vi) Automatic Nutrient Analyzer for real-time nutrient monitoring. This sensor measures nitrate
with high accuracy over a wide range of environmental conditions (including extremely turbid
and high CDOM conditions), from blue-ocean nitraclines to storm runoff in rivers and streams.

vii) An air-cushion-system-kit will be designed and developed. The vehicle will become a
side-wall air-cushion-vehicle with reduction of drag and increase in speed. This will also
increase the payload with a reduction of draft.

viii) Water Sampler and CTD in the framework of RELOAD PROJECT, the data collected should
allow to increase the knowledge on contaminant fluxes and loads in the Arctic that is particularly
important in the era of global warming.

The final result of this pilot action is the creation of an innovative prototype platform for sea
environmental monitoring. This will be validated through the analysis of results and draw up of
guidelines for the improvement of underwater conditions.



Development of innovative monitoring technologies in the framework of InnovaMare
Project

In the framework of INNOVAMARE Project the Swamp vehicles will be equipped with the
following systems

1. Winch kit for the management of underwater sensors and tools
2. RTK GPS kit
3. MBES + INS kit
4. Guard1 kit
5. Radiometer - ROX
6. Automatic Nutrient Analyzer - SUNA
7. Watersampler and CTD for RELOAD PROJECT
8. Surface Effect Ship – SWAMP



1. Winch kit for the management of underwater
sensors and tools

Purpose
The management of underwater sensors and tools is important for a surface vehicle in order to
explore the underwater environment by maintaining the connection with the surface. This is
impossible with an AUV due to the small bandwidth of underwater acoustic links and hardly
doable with a tethered ROV that requires a support vessel to follow the vehicle in the case of
wide-area observations.
For this reason it was chosen to install onboard SWAMP an automatic winch with a wired
connection to the underwater environment. A cable with 4 pairs of twisted conductors was
chosen in order to guarantee an ethernet connection, a powering connection and the possibility
of sending signals.

Function
A wired winch kit for the management of underwater sensors and tools like

● Guard1 kit
● Radiometer (ROX)
● Automatic Nutrient Analyzer (SUNA)
● Automatic water samplers
● Idronaut 304plus CTD

Movement and management of underwater sensors and samplers. The ethernet connection
allows for the data to be sent along the wiring.

Composition of kit:
The kit is composed of a main winch by BlueRobotics that has been customised in order to
become autonomous, a motor with its controller and an underwater connector.



Specifications of the cable are reported below:

Parameter Value

Physical

Tether Diameter 7.6 mm 0.30 in

Weight 0.043 kg/m 0.0287 lb/ft

Outer Jacket Polyurethane Foam

Buoyancy in Freshwater Neutral

Buoyancy in Saltwater Slightly Positive

Wire Gauge 0.14 mm2 26 AWG

Working Strength 35 kgf 80 lb

Breaking Strength 155 kgf 350 lb

Minimum Working Bend Diameter 75 mm 3 in

Compatible WetLink Penetrator WLP-M10-7.5MM-HC

https://bluerobotics.com/store/cables-connectors/penetrators/wlp-vp/?attribute_for-cable-diameter=WLP-M10-7.5MM-HC+%28for+7.0+mm+%C2%B1+0.3+mm+cable+diameter%29&attribute_package-quantity=1-Pack


Electrical

DC Resistance @ 20°C 0.0386 Ω/ft 0.127 Ω/m

Insulation Resistance @ 500 VDC > 500 MΩ/kft > 1640 MΩ/km

Voltage Rating 300 VDC

The cable is provided with the following thimble:

Cable pinout is reported:



At the end of the cable on the underwater-side a MCIL8F connector is molded with the following
Pinout



The chosen motor is a Faulhaber motor:
3242X036BX4 AES-4096 with a  32GPT 6.6:1 reduction gearhead with a CONTROLLER
MC5010 S RS and STECKERSET MC50xx V3.0-MOTORSEITE, STECKERSET MC5005/5010
V3.0-VERSORG connectors whose functioning characteristics are reported below:

With the following data on payload:





2. RTK GPS kit

Purpose
RTKs generally receive data from a single reference station, which can be either a permanent
type or temporarily installed in the field. In both cases, the principle of operation is the same.
The working principle of RTK from single reference station is based on two basic points:
1. the reference station is installed at a point of known coordinates;
2. corrections are sent to the rover through a communication medium (typically a radiomodem or
GSM connection).
There are three important points to note regarding the connection between the reference station
and the rover:
1. both observe the same set of satellites;
2. the reference sends all its positions and satellite observations to the rover;
3. the rover combines the reference's observations with its own to calculate an RTK position.
- The position is calculated using RTK algorithms, including System 1200's recent and
advanced SmartRTK, which allows it to work optimally even at distances up to 50 km from the
reference station.

GPS Real Time Kinematics kit

Precise positioning



Function
The RTK is short for real time kinematics. A GPS receiver capable of RTK takes in the normal
signals from the Global Navigation Satellite Systems along with a correction stream to achieve
1cm positional accuracy.

Composition of kit:

The original Piksi Evaluation Kit is intended for entry-level applications. Each kit contains
everything needed for an RTK setup, including GPS modules for rover and base station, plus
radios with effective line-of-sight ranges up to 300 meters, GPS antennas and accessories.

The two receivers in an RTK system need to be able to communicate to pass correction data
from the reference station to the rover receiver. This entry-level kit includes a basic low-power
radio link to get you up and running quickly and is suitable for short baseline applications. The
radio link runs open source firmware. It has a transmit power of up to 100mW, giving
approximately 300-meter range with line of sight.

Kit Components:

Piksi Multi Evaluation Kits – 2.4 GHz

Designed to provide a seamless easy-to-use RTK positioning experience through a single kit,
enabling easy set up of a centimetre-accurate GNSS RTK system for rapid prototyping and
testing.

Modules

● 2x Piksi Multi GNSS Modules
● 2x Piksi Multi Evaluation Boards
● Includes a 6-month Skylark™ license in eligible geographies

Cables and adapters

● 2x MMCX (male) to SMA (female) cables
● 2x Micro-USB cables
● 2x full power supply with international plug adapters
● 2x barrel jack to cigarette lighter adapters
● 2x DC barrel plug splitters (1 female into 2 male)
● 1x RS-232 USB adapters
● 1x mini null modem connectors (DB9 male to DB9 male)
● 1x IDC ribbon cables
● 2x tripod mount adapters
● 1x ethernet cables
● 1x 11-position Picoblade pigtail cables
● 2x 7-position Picoblade pigtail cables



● 2x SMA (male) to TNC (male) antenna cables
● Antennas and radios
● 2x L1/L2 GPS/GLN/BDS survey antennas
● 2x FreeWave radio modems
● 2x FreeWave radio antennas
● Piksi Multi
● Multi-band, multi-constellation centimetre-accurate GNSS.

Multiple signal bands enable faster convergence times, and multiple satellite constellations
enhance availability. Piksi Multi supports GPS L1/L2, GLONASS G1/G2, BeiDou B1/B2, Galileo
E1/E5b, SBAS and is hardware-ready for QZSS L1/L2.

Benefits of this kit are:

● Fast RTK convergence times
● Easily integrated into a variety of applications
● Future-proof hardware with in-field software upgrades
● Piksi Multi GNSS Receiver Pack
● Quick integration packs for customers seeking to create custom RTK solutions for

unique projects, or for seasoned RTK systems integrators.



The Piksi RTK Kit includes everything you need to get an RTK setup running out of the
box.

Contents

·  2x Piksi OEM Modules

·  2x 433MHz radio modems

·  2x 433MHz antennas

·  2x Piksi to radio cable assemblies

·  4x Picoblade UART pigtails

·  2x Micro-USB cables

·  2x Linx Technologies external GPS antennas

Piksi

Piksi is our flagship product - a low-cost, high-performance GPS receiver with Real Time
Kinematics (RTK) functionality for centimetre-level relative positioning accuracy.

RTK systems require two Piksi receivers to achieve centimetre-level positioning, one rover and
one acting as a reference station. The RTK Kit includes two of our Piksi OEM modules ready to
integrate into your system.

Radio Modem

The two receivers in an RTK system need to be able to communicate to pass correction data
from the reference station to the rover receiver. The RTK Kit includes a basic low-power radio
link to get you up and running quickly and is great for short baseline applications.

The radio link runs open source firmware. It has a transmit power of up to 100mW, giving
approximately 200-meter range with line of sight.

The radio is available in 433Mhz (Europe and other countries that don't allow 915Mhz) versions
for licence free operation.





3. Multibeam echosounder (MBES)

Purpose
Imagery data from high resolution cameras coupled with multi-beam echo-sounder acoustic
data (water column and seafloor) processed through image-detection techniques  reconstruction
and comprehensive knowledge of underwater environment and marine infrastructures.
Repeatable observations over space and time.
Applications:

● Monitoring discharge and vertical methane and oil migration in coastal areas
● Monitoring leakage from abandoned or decommissioned wells/sealines
● Detecting hydrocarbon reservoir leakage
● Monitoring of dynamic coastal seabed sediment budget to better understanding coastal

erosion
● Monitoring in specific sites most of the MSFD descriptors: the biodiversity (D1), the

occurrence of non-indigenous species (D2) the population of commercial fish species
(D3) , eutrophication (D5), the sea floor integrity (D6), permanent alteration of
hydrographical conditions (D7), presence of marine litter on the seafloor (D10)

● Monitoring and virtual reconstruction of underwater cultural heritage sites
● Monitoring of pollution in harbour areas
● Identification of offshore groundwater resources
● Monitoring of pipelines and other human offshore infrastructures

D10 Marine Litter
D9 Seafloor Integrity
D7 Permanent alteration of hydrographical conditions
Eutrophication (D5),
Geochemical and Geophysical Monitoring of Hydrocarbon Seepage



Function
MBES technology is a state of the art device to collect high precision bathymetric data. High
resolution mapping of the seafloor is of crucial importance to understand the functioning of the
marine environment, in lagoons even more so as the sediment transport can impact the coastal
planning and support the assessment of local anthropogenic impacts. MBES integrated in the
SWAMP system enables the mapping of shallow and depth variable areas such as tidal
lagoons, e.g. Venice.

Composition of kit:

The kit is composed of a MultiBeam Sonic 2020, a INS, a Sonar Interface Module, a Sound
Velocity System, GPS antennas, a power inverter and a PC board for the management of the
Sonar.



Sonar has the following characteristics:





INS has the following characteristics:



With dual GPS antennas with the following characteristics:



TheSound Velocity Sensor is the following:







The power inverter characteristics:



The chosen PC board is the following:

The kit is installed on the payload frame of SWAMP.



The Sensor head, the INS and the SVS are installed on a movable structure that can be
installed at different depths.

The SIM and the PC, powered by the inverter are installed inside the onboard Boxes:



4. GUARD1 Imaging Device

Purpose
Autonomous and programmable device for image acquisition and processing (European Patent
EP 2863257)
The acquired image content is recognised/classified (e.g. fish, gelatinous zooplankton, benthic
organisms, seabed, artificial infrastructures)
The information extracted from the acquired images is transmitted outside the device.
Conceived to be deployed on fixed or mobile platforms for autonomous monitoring activities
extended in time (low power consumption)

● The image processing methodology is based on supervised machine learning approach
● The recognition/classification algorithm can be automatically run on board the imaging

device.



Function
Underwater cameras are used to collect data about habitat mapping, species behaviour,
seafloor composition. The Guard1 Image Device, integrated in the SWAMP system is connected
to a central unit, single board computer. This connection allows for real-time visualisation. The
transmission rate is dependent on the bandwidth available at the acquisition site.

Composition of kit:
The Camera can be programmed to operate in different modes:
- The worst case is when, during the execution of a transect, the CPU remains on with a
maximum consumption of 2W and periodically (e.g., every second) acquires an image. In this
case to the 2W of the CPU, between one image and the next, must be added a maximum
consumption of 36W (illuminator) for a maximum time of 150ms;
- the intermediate case is when between one acquisition and the next, the camera goes into
low-consumption mode with a power consumption on the order of mW;
- the low-consumption case is the one in which between one acquisition and the next the
chamber is turned off. In this phase, the absorption between one image and the next is on the
order of microW.

Regarding the consumption of the Camera, the following is an estimate in excess:
- the camera power supply can charge between 12V and 36V.



- The illuminator consists of 4 LEDs each with a maximum power consumption of 9W for a total
of 36W;
- the maximum time to acquire an image is 150ms and during this phase the CPU absorbs a
maximum of 2W;

Consequently, during the acquisition of an image the camera draws a maximum of 38W
(36W+2W) for a maximum of 150ms.

The battery is installed inside the case.One image every second for two hours is 7200 images.
Even with a small battery there should be no problem.



5. Radiometer

Purpose
RoX (produced by JB Hyperspectral) is an automated field spectroscopy device capable of
collecting continuous and long-term hyperspectral measurements of reflectance. Its robustness
and flexibility make the RoX suitable for water application.

Objective are:
● To understand the temporal dynamics of optical properties (Rrs) of water types
● To investigate the temporal dynamics of water turbidity as derived from the sampled

water reflectance (Rrs)
● To map submerged vegetation and water depth in optically shallow water
● To produce reference data for validation of satellite data

Function
Mounted on SWAMP the radiometer (ROX) can automatically gather reflectance data that can
be viewed in real time through a simple port emulator/terminal.
The real time visualisation happens thanks to a thorough system integration that renders the
SWAMP system apt to multipurpose real-time monitoring in the most diverse scenarios, from the
Arctic Sea to the Mediterranean lagoons.

During the deployment in the Venice Lagoon, ROX collectes reflectance data at the water-air
interface and under water. This can be useful to validate satellite data and assess the turbidity
status of the water column. Thanks to the integration with SWAMP, ROX can operate safely in
extremely shallow lagunar waters.



Composition of kit:
ROX is provided with its own watertight case, which emcompasses, other than the radiometer
system, also a GPS module, power and data connections, gimbal.
ROX has been mounted on a tailored sensor frame attached to SWAMP.  The frame hosts two
vertical sliding rods.
The water sensor of ROX can be easily fixed to one of the rods, which can be lowered to the
desired depth. The position of the rod remains fixed during the deployment.
The air sensor is attached to the same rod, but it is of course facing upwards.
This configuration ensures the geometric coherence of the probes.
The frame mounted on SWAMP can host a collection of sensors, it also ensures the modularity
envisaged for the SWAMP system.



6. Automatic Nutrient Analyzer

Purpose
Why monitor nutrients?

Nitrogen compounds, phosphorus, silicon etc are the basis of the growth of phytoplankton that
lies at the base of the trophic network of the sea.

Changes in the availability of nutrients induce a modification of the ecosystem and this has a
strong impact on coastal communities which are based on sea-related economies.

The SUNA V2 is the ultimate solution for real-time nutrient monitoring. This sensor measures
nitrate with industry leading accuracy and stability over a wide range of environmental
conditions (including extremely turbid and high CDOM conditions), from blue-ocean nitraclines
to storm runoff in rivers and streams. The SUNA V2 incorporates the proven MBARI-ISUS
nitrate measurement technology, which is based on the absorption characteristics of nitrate in
the UV light spectrum.

Function:
The SUNA probe, mounted on the SWAMP system, aids the gathering of nutrient data in the
Venice Lagoon during one of the INNOVAMARE trials. Lagunar environments are highly
variable in terms of salinity and temperature, they host complex unique ecosystems, therefore
their bio-physical monitoring is crucial to understand and protect biomes of lagoons.
Thanks to the integration in the SWAMP system the data can be visualised in real time, allowing
a prompt intervention in case of misplacement or general malfunctioning.

Composition of kit:
The SUNA nutrient probe gear to be integrate in the SWAMP system encopasses
SUNA V2 - 12 V, 1 A probe
Seabird Pump - 12 V, 1 A
Inflow/Outflow pipes



The probe lies outside of the water and is attached to the dedicated frame, designed to host the
sensors. The inflow pipe conveys the water pumped from below the surface in between the
sensor cells, where the data is acquired, the sampled water then returns to the environment.

7. Watersampler and CTD for RELOAD PROJECT

Purpose

The aim of RELOAD project was the quantification of heavy metal discharge with freshwater
runoff to an Arctic fjord ecosystem.
SWAMP is equipped with a payload frame hosting a multipurpose box that allowed to manage
manifold tools and sensors: a precise dual frequency GNSS receiver, a single beam sonar and
an automatic winch with 60 m of data-cable that was used to released below the surface (down
to 40 m) an automatic watersampler together with a CTD sensor.

Function
In the Hornsund Fjord SWAMP was used to sample water and record CTD data from interesting
freshwater runoff spots in the direct front of three tidewater glaciers: Hansbreen, Hornbreen and
Storbreen.

The data collected should allow to increase the knowledge on contaminant fluxes and loads in
the Arctic that is particularly important in the era of global warming. Climate–related changes in
environmental conditions are influencing contaminant fate in the environment. Intensive glacier
melting can affect the delivery of contaminants accumulated in glacier ice over the last century.
As a consequence, fjord ecosystems probably receive higher loads of contaminants today than
before, and these may pose a threat to the ecosystem. Unfortunately, this problem is nowadays
not well addressed in current research. Therefore, more extensive, complex studies are
necessary to increase knowledge on key processes having impact on contaminant fluxes to the
marine ecosystem and the campaign just ended has been carried out to give a contribution in
this direction.

Composition of kit:
The kit is composed of a CTD 304 plus from IDRONAUT and an automatic watersampler
developed within the project.







The watersampler is a Van Dorn type watersampler moved by a MicroServo and a battery
present in the canister that splits the signal that arrives from the tether of the winch.

The whole kit is reported below:



8. Surface Effect Ship – SWAMP

Purpose
This system will be developed later in the project

Composition of kits:
● Reducing drag
● Increasing payload
● Increasing speed

Function
The system

Composition of kit:
Maxon Motor with a Control System
Air Fan
Skirts


