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As in previous editions, the present issue of Instrumentation Viewpoint is devoted to the communications presented 
in the 4th edition of MARTECH WORKSHOP which will be held in the city of Cádiz on September 2011.   
As in previous editions, MARTECH 2011 has been opened to all research groups working on the development of ma-
rine technologies and applications as well as companies involved in this field interested in display their products and 
developments. 

As a novelty MARTECH 2011 expands the topics covered in previous editions in order to address issues related to 
operational oceanography systems, new technologies for renewable marine energy and the technologies related to 
the offshore aquaculture.

We sincerely hope, that the 77 contributions that you will find in the next pages provide you information of your 
interest. 

Warm Regards,

MIGUEL BRUNO MEJÍAS
Organizing Committee Martech 2011

EdITOR’S NOTE
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MARS (MONTEREY ACCElERATEd RESEARCH SYSTEM)
AN OPERATIONAl OCEANOgRAPHIC CAblEd ObSERVATORY

The world ocean is in crisis. Evidence abounds that global climate change is 
turning the ocean more acidic; oxygen minimum zones are expanding, anoxic 
dead zones are appearing in formally rich fishing grounds around the world and 
threaten the ability for the ocean to support human life. Additionally, the rapidly 
melting polar and Greenland ice may threaten the global thermohaline circula-
tion. The threats to human populations are evident.
Understanding ocean processes are critical and oceanographers require a 
persistent ocean presence to understand the complex and dynamic ocean. To 
achieve a persistent ocean presence, advanced nations around the world are 
considering ocean observatories and low cost free sensor arrays to supplement 
oceanographic ships.  
MBARI (Monterey Bay Aquarium Research Institute) supported by the US NSF 
(National Science Foundation) have contributed to the ocean observatory effort 
by building MARS (Monterey Accelerated Research System) a cabled test bed 
observatory.

Steve Etchemendy
director, Marine Operations
Monterrey bay Aquarium Research Institute

Underwater life.  Picture taken by Ramon Margalef. 
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Energy Unit, TECNAlIA
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Abstract – Climate change and increasing dependency on imported energy 
by many countries require an ambitious development of renewable energy 
sources. The marine environment represents a huge potential for harnessing 
different renewable energy resources. There is a wide range of marine renew-
able technologies being developed and deployed worldwide. 

The most advanced technology is offshore wind with around 3GW of installed 
power in Europe at the end of 2010 and increasing annual rates of growth. At 
present the deployment of offshore wind parks are based on large wind tur-
bines fixed structures such as monopiles, tripod and jackets in shallow water up 
to around 50 m water depth. In many parts of Europe such as France, Spain, Por-
tugal and Norway, there are significantly larger offshore wind resources avail-
able in waters deeper than 50 m but still relatively near to the shore. In other 
relevant markets worldwide such as the US, Canada and future markets on the 
Southern hemisphere, the continental shelf is
even smaller and floating technology is the key to the offshore wind market 
takeoff.
Wave power captures kinetic and potential energy from ocean waves to gener-
ate electricity. Wave energy converters (WECs) are intended to be modular and 
deployed in arrays. At present there is little design consensus for wave energy 
devices with no industry standard device concept. Due to the diverse nature of 
the wave resource it appears unlikely that there will be one single device con-
cept that is used, rather a small number of device types that exploit different re-
gions of this vast resource. There are no commercial wave power plants to date 
but several prototypes at different stages of development. These prototypes are 
based on different concepts which can be classified into the following types:
- Attenuator devices are generally long floating structures aligned in parallel 
with wave direction, which then absorb the waves. Its motion can be selectively 
damped to produce energy.
- Overtopping devices are wave surge/focusing system, and contain a ramp over 
which waves travel into a raised storage reservoir.
- OWC (Oscillating Water Column) devices, in which a column of water moves up 
and down with the wave motion, acting as a piston, compressing and decom-
pressing the air. This air is ducted through an air turbine.
- Point absorbers are floating structures absorbing energy from all directions of 
wave action due to their small size compared to the wavelength. 
- Oscillating Wave Surge Converters extract energy from the surge motion in the 
waves. They are generally seabed mounted devices located in nearshore sites.
Tidal Current power captures the kinetic energy of the moving water of the tide. 
Several different tidal current energy converter device technology concepts 
have been proposed and developed in recent years.  The main differences be-

tween concepts relate to the method of securing the turbine in position, the 
number of blades and how the pitch of the blades is controlled. Tidal current 
devices are generally modular and intended for deployment in ‘arrays’ for com-
mercial use in order to obtain a significant combined energy output (similar to 
the onshore wind approach). There are no commercial plants with tidal current 
devices so far, however the technology has converged more than for wave en-
ergy with several full scale prototypes installed, most of them based on horizon-
tal axis turbines.  
Tidal Range (or Tidal Rise and Fall): Tidal energy can also be captured based on 
the potential energy of the difference in the height of water at high and low 
tides. Technologies such as tidal barrages are used to convert this energy into 
electricity. The largest ocean energy installation in the world, with a power of 
240MW, is based on this technology and it is located in La Rance, France.  
 Ocean Currents are the constant flows of water around the oceans. These cur-
rents always flow in one direction and are driven by wind, water temperature, 
water salinity and density amongst other factors. They are part of the thermo-
haline convection system which moves water around the world. Ocean current 
energy technologies are being developed to capture the kinetic energy carried 
in this constant flow of water. The primary design concepts for ocean current 
energy are based on water turbines. 
 Ocean Thermal Energy Conversion (OTEC) is a technology to draw thermal 
energy from the deep ocean and convert it to electricity or commodities. This 
technology requires a temperature difference of 20ºC between the warm sur-
face water and cold deep water and as such is only possible in certain areas of 
the world; the tropics are the key area for this technology. The key uses for OTEC 
are to generate electricity, desalinate water, provide refrigeration, and support 
mariculture.
 Salinity Gradient power is energy from the difference in salt concentration be-
tween fresh water and salt water. As such, this can be exploited at the mouth of 
rivers where fresh water meets the saline water. There are two technologies be-
ing developed to convert this energy into electricity: pressure-retarded osmosis 
and reverse electrodialysis.
If costs can be reduced to a competitive level, the potential for marine renew-
able energy in deep waters is huge. One way of reducing costs is to exploit 
synergies between different technologies. One effective choice is to combine 
offshore wind with wave energy or ocean/tidal currents at sites where these 
resources are concentrated. Because of the different characteristics of these 
resources, they offer substantial additional benefits compared to the simple ad-
dition of more wind capacity. These benefits could be even bigger if other uses 
such as aquaculture are also considered, establishing a new concept of multiuse 
offshore platforms.
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AN INTERNATIONAl PERSPECTIVE ON MARINE RENEWAblE 
ENERgY
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Aoustin Yannick, Auffret Yves, barbot Stéphane, blandin Jérôme, Coail Jean-Yves, dussud loïc, gé-
tin Nathanael, lanteri Nadine, le Vourch damien, Podeur Christian, Rolin Jean-François, Woerther 
Patrice
IFREMER, Centre de brest, bP 70, F-29280 Plouzané, France   yauffret@ifremer.fr

NOdE ANd JUNCTION bOx SERVICES ANd INTERFACES FOR A 
lOCAl SEA bOTTOM ObSERVATORY 

Sea bottom observatories, based on a submarine cabled network, are designed 
to collect, at high frequency and in real time, valuable data over a long period of 
time (up to 25 years), they are used in many multidisciplinary research projects 
including geophysics, chemistry, biology and physical oceanography... they pro-
vide an end-to-end service; from the sea bottom to your computer.

The main differences between a local and a large scale cabled network are the 
backbone specifications linking the shore station and the nodes on the seafloor. 
Power and voltage must be compatible with a long distance to connect on the 
network a large number of instrumentation.

This simplified and optimized design for a local sea bottom observatory pro-
vides the same infrastructure, services and interfaces for the instrumentation 
connected to the junction box as a large scale cabled network: trawl resistant 
frame, corrosion and fouling resistant design, maintainability, nodes and junc-
tion boxes, wet mateable connectors, various voltages and data interfaces, 
network extension (optical or VDSL2), time synchronization (NTP, PTP 1588v2, 
NMEA PPS), embedded controller for monitoring internal parameters and sci-
ence ports, fail over, redundancy, network management protocol, remote con-
trol and supervision.

We describe in this paper how can we optimize the design and reduce the cost 
of such a local or coastal network, without jeopardizing the reliability of a sub-
marine network.

This architecture will be deployed later this year on a marine conservation area 
near Brest, France for the MeDON project. MeDON has been selected within the 
scope of the INTERREG IV A France (Channel) - England cross-border European 
cooperation program, co-funded by the ERDF. 

All these recommendations, specifications, interfaces are based on the ESONET/
EMSO label to ensure compatibility and interoperability between sea bottom 
observatories in Europe.

Figure 1 - MeDON - Infrastructure - General overview

Figure 2 - Local sea bottom observatory - Node

Figure 3 - Local sea bottom observatory - Junction box 
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2 Centro de Investigaciones Submarinas (CIS). Via Nobel 9, 15890 Santiago de Compostela

HIdRObOYA: A COMPlETEllY NEW WAY OF OVERCOMINg
THE FOUlINg PROblEM IN MARINE SENSORS

This communication presents Hidroboya (r), a buoy that is already working on 
the sea and whose purpose is being an autonomous source of ocean and land 
water data that will be automatically sent to an “on land” server which organizes 
them in a database system. Server can handle information from several buoys 
and authorized users can see and browse data over the internet. Furthermore, 
buoy sensing design is very innovative, because it keeps sensors dry the most 
of the time and use a hydraulic system to feed fresh ocean water to them when 
required. This design keeps sensors free from sea particles sedimentation, prob-
lem known as “fouling”.

gENErAL OVErVIEW
The buoy main part is a strong hose hanging from a floating body. The hose 
contains several sampling catheters which are used to get water from different 
depths (as these tubes go out from the main hose and finish at the desired sam-
pling depths). The main hose is securely bound to the anchor chain in one or 
more points to avoid excessive hose movement.
The sampled water will go through a “sampling chamber” located in the castle 
over the floating body. Sensors inside the chamber will get the desired data 
from the sampled water and the obtained parameters will be transmitted to an 
“on land” station that will save them on a database system. These data will be 
available to all authorized users through a Web application.

SENSINg DESIgN
Main originality of this buoy is the special sensor arrangement. In classical sys-
tems, sensors are directly contacting sea water and they soon became polluted 
(fouled) by particle sedimentation. Nevertheless our buoy keeps sensors dry 
when they are not being used so that they are not affected by fouling. Due to 
this we have longer sensor life and less maintenance needs. 

BUOY CONtrOL AND INfOrMAtION HANDLINg
Buoy has an on board control system that consists of the following:
- Sensor reading system : sensor outputs are converted into a normalized digital 
stream.
- Communications system : based on GPRS and/or UHF radio modems and/or 
satellite data communications. It is used to send the data stream to the land sta-
tion. If the buoy is located near the coast line, GPRS usually can be used (cover-
age on the sea can reach the order of 20 Km). A satellite link orUHF radio modem 
must be used as a secure redundant system or if the buoy is far from the coast 
line. Commands to the system can also be sent from the land station.
- Data saving system : buoy saves all retrieved data in a kind of “black box” that 
could be recovered after a catastrophic event.
- Water filling control : the sensor chamber must be filled with water when 
we want to take data and water must be removed after that. We get this with 

Fig 1.Buoy and “on land” system

Fig. 2 Sensor arrangement: classi-
cal buoy (left), clean sensors in Hi-
droboya (right)

pumps and solenoid valves controlled by the buoy intelligent control system.  
We also use auxiliary sensors to control water filling.
On land, data are saved on a database server that permits accessing them 
through a Web interface. With this system we can monitor water conditions in 
many interesting circumstances: pollution control, bath water quality in touris-
tic areas, control of mollusk farming zones, etc.

POWEr SYStEM
Buoy batteries and solar panels are used for power needs and in the currently 
installed system (see next section) this has proven to be enough as this instal-
lation is located in a very sunny place. Nevertheless we are developing other
alternatives to generate power:

Fig. 3 Fouling in a classical buoy (left), clean sensors in Hidroboya (right)



Instrumentation Viewpoint /11/ MARTECH1111

- We tested a generator that uses sea waves to create an air current and move a 
small generator. This idea needs to be analyzed in more detail.
- We are now studying the possibility of using wind generators and other ways 
to obtain energy from the buoy movement.

rESULtS
A first commercial buoy is already working in Granadilla, Santa Cruz de Tenerife 
(Canary Islands, Spain) where a harbour will be constructed. The buoy is retriev-
ing data from October 2010. This buoy has installed a multi-parametric sensor 
that measures: temperature, pH, electrical conductivity, redox, turbidity and sol-
ubilized oxygen concentration. This system performs samples on three depths.
1 meter, 7 meters and 14 meters. The data from the buoy can be accesed in real 
time in [9]
Hidroboya is right in the line pointed by the Water Framework Directive [7], 
about controlling different waters quality (bath, rivers, Marine Environment and 
Coasts, drinking water, water pollution, etc). It uses the technologies pointed 
by [8] to construct the framework for Marine medioambiental observation and 
control.
An U.S. patent has been requested for this system with application number 
61224557 and title “Autonomous and Remote-Controlled Multi-Parametric Buoy 
for Multi-Depth Water Sampling, Monitoring, Data Collection, Transmission
and Analysis”.

fUtUrE LINES
The main efforts in development are nowadays directed towards:
- Development of a new subsystem able to capture water samples that could 
be retrieved by a boat and analyzed in the laboratory. This could be used to 
research further when some indicators reach worrying values.
- Developing new energy systems to improve buoy autonomy (see section IV 
‘Power Systems’).
OPErAtIONAL OCEANOgrAPHY
Operational Oceanography is a developing area that needs to be fed with oce-

anic data, in order to produce continuous information. These data can be ob-
tained from Remote Sensing (Satellites) [CREPAD] but these data need to be
combined with data from the column of water taken directly form the sea or 
continental. Infrastructures such us [CREPAD] can help the whole society to have 
a better knowing about the ocean and continental waters state. It will help in a 
more efficient use of our waters and coastal profitment.

HIDrOBOYA INtEgrAtION IN OPErAtIONAL OCEANOgrAPHY
The development of the Hidroboya has been done looking for an effective way 
to avoid the fouling in the directly exposed sensors to the water. Overcoming 
the fouling problem let Hidroboya to have very large maintenance intervals. The
sensors are protected on board of the buoy. This brings the possibility of self cal-
ibration of sensors enlarging even more the maintenance intervals. These facts 
make the hidroboya ideal to be used to fed data for the numerous projects of
observation of the sea and of the continental waters [1], [4], [5] [6] ... .
We firmly believe that the Hidroboya can suppose a before and an afterwards in 
the systems of measure of parameters directly in the waters [1].
In the information from leading companies devoted to this market, it can be 
observed that all the available solutions are traditional systems that in no case 
surpass the enormous problem of the fouling [2], [3],... .
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Sarmiento de Gamboa, CSIC’s science vessel loading a sheep
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ACUICOMP®: AN IN SITU COMPOSTER FOR ANIMAl bY- PROd-
UCTS NON SUITAblE FOR HUMAN COMSUPTION (SANdACH) 
gENERATEd bY AQUACUlTURE

Aquaculture manufacturing, as any other production activity, generates by-
products which are potentially exploitable. A good example constitutes the 
huge amount of fish that is usually discarded due to different causes and trans-
formed into a new aquaculture animal by-products (AAB, “Animal by-products 
not intended for human consumption”) that must be properly managed. Nev-
ertheless, AAB can become a valuable material by applying the suitable tech-
nology. An alternative way to manage and valuate this type of waste has been 
developed through an in situ composting technique. Moreover, the obtained 
compost can be successfully used as a fertilizer or as a substrate material, and 
also presents several characteristics that allow its application in ecological ag-
riculture. The device that has been designed and presented here represents a 
technological innovation for a sector of a marked strategic interest. In addition, 
it can be implemented by aquaculture farmers to add value to this by-product. 
In order to build up the process of in situ composting, the design, making and 
start up of a composter prototype have been performed, which was adapted 
to the conditions of the aquaculture installations existing in this geographical 
area. Likewise, owing to the unpredictable production rate of this by-product 
generally caused by the variable fish mortality, a compromise solution has been 
reached to combine the inner capacity of the composter and its acquisition cost. 
The following requirements have been considered to design and configure the 
prototype:
1. To be easily manipulated by the personal.               
2. Characteristics that facilitate its mobility and transportation.
3. Low weight in relation to the volume of the by products to be composted
4. Low energy costs

5. No needs to connect to the general water system.
6. To minimize fish manipulation
7. To be able to incorporate a mixer for the processing and aeration of the gener-
ated mass.
8. To permit an effortless assembly and disassembly in order to facilitate the ex-
traction of the fermented compost, along with its cleaning and maintenance.   
9. To contain a ventilation-extraction air system that allows a proper fermenta-
tion.
10. To hold an automatic system that controls the handling of its electric ele-
ments and registers the technical parameters required, such as the temperature 
profile of the system.

Furthermore, the following requirements have been taken into account for the 
development of the process:
1. Mixing and aeration needs for the system to operate under aerobic condi-
tions.
2. A temperature control that ensures the right cleaning of the by-product to 
be composted. 
3. An adequate isolation of the reactor and a good control of possible unwanted 
vectors, such as odours, aerosols and wasting gases. 

The composter, the so called Acuicomp®, has been patented by the University of 
Cadiz, which has promoted the development of the first prototype in collabora-
tion with the Ctaqua foundation through a project funded by the Consejería de 
Economía, Innovación y Ciencia of Junta de Andalucía. 

Fig.1. Acuicomp®  composter
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Abstract 
The Unidad de Tecnología Marina, belonging to the Spanish Research Council 
(CSIC), is the main service provider to the Spanish marine research community.  It 
manages different sea-going facilities as well as the Spanish Antarctic Base.  In late 
2010, two small AUV (Autonomous Underwater Vehicles) were acquired as testing 
beds for operational research on marine research at littoral and shallow waters and 
the UTM has spent several months acquiring experience and gathering some data 
to start developing tools and procedures for such platforms. 

Keywords
AUV, marine research, coastal oceanography,

1. INtrODUCtION
Since 2005 the number of AUV dedicated to scientific research has increased 
dramatically, in part due to the miniaturization of the systems and the ability to 
produce vehicles light and cheap enough to be acquired by non-military orga-
nization. Although a major part of such vehicles are still dedicated to military 
operations  there is a significant part of the scientific users, mostly  dedicated 
to robotics and platform R+D, and a increasing  number of users at the research 
community which starts to realize the benefits of these platforms.

2. MOtIVAtION AND OBjECtIVES 
As a service unit , UTM is continuously looking for new and improved method-
ologies for marine research, either shipborne or standalone, that can be added 
to the catalog of services,  instruments and platforms currently available to the 
Spanish Marine research community.
As early as 2005 , UTM started to look the feasibility to add AUV’s as scientific 
platforms for deployment for small and ocean-going vessels, advantages and 
disadvantages were analyzed and a formal proposal for a deep vehicle was in-
cluded in the UTM Strategic Plan 2010-2013 and Plan of Action. 
Such vehicles are expensive and need some logistic support. Given our lack of 
experience on the field we proposed two separate phases of the implantation 
process:
    •Phase I:   Acquisition of a lightweight vehicle.  Main targets are: 
 oGain operational experience.
 oDevelop  service-oriented protocols for scientific research.
 oMake well known these platforms among the research community.
 oDevelop operational and technical specifications for a future mid-
 sized ocean-going vehicle.
    •Phase II: Acquisition of an Ocean-going vehicle.  This would be done at the  
     end of the current Strategic Plan (if budget allows) or during the next one. The      
     main characteristics of this vehicle would be:
 oGreater payload.
 oModularity.
 oExtended depth range (up to 3000 m.).
 oExtended autonomy (more than 15 h.).
 oDeployable from small and medium ships.

3.  VEHICLES
In late 2010 UTM-CSIC procured two small AUV (man portable) to incorporate 
them to the serviced platforms managed by the unit.  The vehicles are two 
Oceanserver-Iver2 vehicles set up in two different configurations (Water Quality 
Control and Imaging) that give them a high flexibility on its use.
Moreover, both vehicles are prepared to accept additional sensors and have a 
second CPU (backseat CPU and HDD) for this purpose.  
The “open architecture” has been a key item on the vehicle selection because 
one of its future roles is the integration and development of new sensor for such 
vehicles .

4. CUrrENt WOrk.
At the present moment the UTM is involved on operational trials in two main 
locations. 
The Olympic Rowing Channel near Barcelona has been used during the winter 
for training and basic sensor testing. 
A full operational test survey is planned for mid-May at the Bahía dels Alfacs, 
Tarragona.  During these 5 days we plan to fully test the capabilities of both 
vehicles for different tasks as horizontal and vertical profiling patterns, image 
and side scan sonar sampling and bathymetry using the DVL beams. The objec-
tive of this test is to get an idea of the real operational envelope of the vehicles 
before to present them to the Spanish scientific community as an additional 
research platform of the UTM-CSIC inventory for coastal, shallow water and in-
ner water surveys.
Several R+D lines related with the vehicles themselves are being evaluated at 
the moment but the focus will be put on small payload integration, data man-
agement and data QC.
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OCEANOgRAPHIC bUOY ExPANdS ObSEA CAPAbIlITIES

Abstract – On this paper, the electronic system and oceanographic instruments of 
a moored buoy are presented. The system has been designed by the SARTI research 
team to meet a very specific objective, which is to expand the capabilities of the un-
derwater observatory OBSEA as a research and test platform, providing an infra-
structure for testing instruments either at the seafloor or at the surface. The system 
currently has a meteorological station, a video camera and a 3G modem for telem-
etry, in addition to a connection to OBSEA and expansion ports for connecting other 
systems for tests.

Keywords – Oceanographic Buoy, Ocean Test bench, Telemetry, OBSEA

I.INtrODUCtION
Moored buoys are important oceanographic observing platforms for monitor-
ing different variables of the water column and the seafloor [1]. For this reason, 
the SARTI research group (UPC) [2] has designed an oceanographic buoy for ex-
panding the capabilities of the observatory OBSEA [3]. OBSEA (www.obsea.es) 
is an underwater cabled observatory located at a depth of 20 m, 4km offshore 
of Vilanova i la Geltrú (Barcelona), and it started its operation in May 2009 as a 
test bench infrastructure for research on marine sensors and instruments, and to 
provide a wide variety of oceanographic real-time data to scientist, academics 
and general public. 
The SARTI moored oceanographic buoy was deployed in May 2011 and cur-
rently it serves as a platform for testing instruments and making oceanographic 
observations at the surface level or below water near the surface. Its cabled 
connection with OBSEA provides a flexible infrastructure for marine observa-
tion, and it takes the advantage of the OBSEA data management and network 
control. 

II. SYStEM DESCrIPtION
The SARTI oceanographic buoy has offered an opportunity to extend the re-
search infrastructure capabilities of the OBSEA observatory. The requirements to 
meet were to provide a system that can work either autonomously or connected 
to the OBSEA main power energy system, to provide telemetry of onboard sen-
sors, and to afford a large payload for future experiments were weight may be 
an issue.
The buoy has the shape of a long tube 1 m in diameter and 6 m long. On the top 
it has a passive and active signalling in accordance with current regulation: a 
Saint Andrew’s cross, a night light flash, a radar reflector, and it has been painted 
in yellow with property marks.

A)Instruments and Telemetry
The electronic system has been divided in two main parts. One consists on a 
night signalling light based on LEDs, with two dedicated solar panels and one 
battery power supply, being independent from the rest of the system and 
packed on its own water tight box. This system has been located on the upper 
part of the buoy to improve its visibility, as shown in Fig. 1.
The second part contains the power supply, the oceanographic instruments, 
and the communications and control system. The energy stage consists on four 
25 watts solar panels, which are used to charge a 12V battery with 60Ah ca-
pacity, which in turns powers the entire system. Currently, the onboard oceano-
graphic instruments are a meteorological station, a GPS, and a video camera. 
Figure 2 and Fig. 3 show graphics with temperature and wind speed. Neverthe-
less, the system has the capacity to be connected to more instruments through 
and extension port. Currently, in this port an AWAC (integrated Acoustic Waves 
And Currents sensor) located on the seafloor has been connected to the buoy 
for telemetry. Figure 4 shows the AWAC ready to be installed. 
 
The rest of the electronics are a 3G modem that provides real-time telemetry 
and a microcontroller for system control and monitoring. All these elements has 
been packed into two water tight boxes, one for the battery and the charger, 

Fig. 1. Buoy and instruments

Fig. 2. Temperature



Instrumentation Viewpoint /11/ MARTECH1115

and the second one for the 3G modem and the control unit. The video camera 
has its own enclosure with a transparent screen, located on the top.

III. MOOrINg SYStEM
The SARTI buoy has been located next to OBSEA, and its mooring system con-
sists on three anchors of 1200 kg connected to with chains to the buoy. The lo-
calization and distances between them, and chains behaviour was studied and 
simulated as a preliminary work [4], where marine conditions of the area located 
in the Vilanova i la Geltrú coast were taken into account. 

Figure 5 shows the simulation of the system using OrcaFlex 9.4, where is pos-
sible to observe a “star” configuration, which provides position stability and pre-
vents rotations, which is interesting for some experiments and measurements, 
as the onboard video camera. 

IV. CONCLUSIONS
The characteristic of an oceanographic buoy has been presented, providing de-
tails of the onboard electronic systems. The buoy has different sensors, a video 
camera, and a redundant telemetry: via a 3G modem or through OBSEA net-
work. As an additional feature, its solar panels also allow electrical power au-
tonomy for standalone operation, in case it is disconnected from OBSEA.

Fig. 3. Wind speed Fig. 4. AWAC ready to be installed

Fig. 5. Simulation of the Mooring system using three anchors.

The buoy is an extension of the OBSEA underwater laboratory, providing a sur-
face platform for oceanographic measurements and also as a test bench for test-
ing marine sensors and instruments, taking the advantages of OBSEA infrastruc-
ture and connectivity. Its design has considered also the mooring system, which 
has been analyzed using simulation software before the buoy deployment., 
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Abstract.
The Optical Phytoplankton Discriminator (OPD) is an instrument that measures 
for the presence of algal organisms from their optical absorbance characteristics. 
This instrument is composed by an electronic system and chemical reagents, ac-
complished by pumping a water sample through a Liquid Waveguide Capillary Cell 
(LWCC), illuminating it with a light source, and measuring the resulting light absorp-
tion spectra. This system has been designed for being coupled to a Slocum Glider. A 
validation and calibration have been done, results from OPD sensor has been com-
pared with reference material and known samples. 

This sensor, the Optical Phytoplankton Discriminator (also called BreveBuster) 
has been used for the detection of Karenia Brevis, a toxic dinoflagellate which 
produce red tides [1]. 
Red tides are produced by harmful algal blooms, and they cause important loss-
es in fisheries and economy if an early detection is not properly done. 
It is probed that this sensor lets the detection of Karenia Brevis, and OPD gener-
ally detects the toxic bloom before any other detection system (satellite, in situ 
sampling…)
This automated optical method for the detection of phytoplankton communi-
ties has been developed by Mote Marine Laboratory. It has proven successful 
at discriminating the toxic dinoflagellate Karenia brevis in natural mixed phyto-
plankton populations in the Gulf of Mexico. 
Optical Phytoplankton Discriminators (OPD) analyze particulate absorbance 
spectra for similarity to phytoplankton community under study through the 
Similarity Index, which provides a means to quantify the spectral variability 
in the absorption spectra and is independent of biomass as it is derived from 
mean-normalized absorption spectra [2].  

Fig. 1. The Optical Phytoplankton Discriminator (without it’s watertight hous-
ing).

Fig 2. The multiple regression scheme for estimating phytoplankton commu-
nity structure from particle absorbance spectra.

A multiple regression analysis has been added to the optical discrimination pro-
cedure to separate taxonomic classes of phytoplankton using a library of absor-
bance spectra from laboratory cultures.
Recent modes of deployment include shipboard, moorings, channel markers, 
piers and autonomous underwater vehicles. 
Results from this array of instruments are received at the Sarasota Operations 
of the Coalition of Ocean Observing Laboratories (SO COOL) for analyses, visu-
alization and dissemination. Deployment and operation of these resources over 
the past five years has demonstrated the utility of a HAB observatory on the 
central west coast of Florida. Generally OPD has been installed in different fixed 
platforms like buoys and moorings (low pressure model, until 30 meters). But 
in a newer model, it has been developed a high pressure unit (until 100 meters 
depth) designed for AUV, mainly used in slocum gliders [3].
OPD has been also used for the detection of other kind of phytoplankton as well 
as toxic dinoflagellates. For the adaptation of the sensor to the determination 
of different communities it is only necessary having the spectra of different cul-
tures, which lets use them as reference signal for the system.
Having sensors which detect the kind and concentration of phytoplankton com-
munities present in an area is an important advantage in time and resources in 
the study of the ecological state of a region.
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OPTICAl PHYTOPlANKTON dISCRIMINATOR (OPd) dEVElOPEd 
FOR A glIdER



More than 100 investigators from 20 different partners are involved in the EU-
project HyPOX (http://www.hypox.net/). A prime goal of the project is to im-
prove the understanding and prediction of oxygen depletion in aquatic sys-
tems. Extensive in-situ monitoring is done using a wide range of platforms. This 
presentation intends to describe some of the systems in operation in Swedish 
fjords including a cabled observatory with direct data delivery to the Pangaea 

data base. The challenge to carry out long-term monitoring with maintained 
quality of oxygen and associated parameters will be discussed. Improved cali-
bration procedures to reach better oxygen sensor accuracy and discovered 
artifacts at low currents will also be presented as well as results from recently 
developed CO2 optodes.

Abstract: Within the emerging field of renewable energies, our country is pioneer in 
wind energy and it is relatively well placed in the solar energy ranking (both pho-
tovoltaic and csp). Other potential source of renewable energy which is virtually 
ignored in our country is the ocean (tidal surf) and also obtainable from the ocean 
currents. In this document, ocean currents as a renewable energy source in the Gi-
braltar Strait are studied. They must be intense, permanent and unidirectional to be 
profitable, therefore, we have found the places that satisfy those characteristics for 
installing a turbines.
Keywords: Gibraltar Strait - renewable energy -  ocean currents – turbines.

INtrODUCtION.
For the extraction of energy from currents being cost-effective and technically 
feasible is desirable that the currents are unidirectional and intense. For ex-
ample, the energy flux of a stable current and permanent of 1 ms-1 (reference 
figure for profitability) is about 500 Wm-2, therefore a windmill turbine blade, 
whose efficiency reaches values above 0,4 for three-bladed turbines (Burton 
et. al., 2001), which are more efficient than vertical axe ones of Darrieus type 
(Gorban et. al., 2001), it can give up to 60 kw in DC, equivalent  to 0,52 Gwh per 
year. Today, the three-bladed turbine is the most profitable for generating elec-
tricity and it is the generator and system used in wind farms. When a turbine of 
this type is designed to work immersed in the sea, technical and cost reasons, 
it is desirable to maintain a fixed orientation, which places it at a disadvantage 
with their counterparts wind being oriented to face the wind and do not require 
therefore constant wind direction. A power plant based on the energy of ocean 
currents would have much higher yield, lifetime and lower maintenance costs 
were the more unidirectional currents.
It is not easy to find in the ocean areas that meet these two conditions, unidirec-
tional and relatively high current intensity. Some examples are the major west-
ern boundary currents of the ocean basins (Gulf Stream, Kuroshio, Aghullas). The 
distance from the coast to where to locate the plant, which should be installed 
at the site near the core of the current, which tends to flow toward the outside 
of the continental shelf is typically tens of km, which would cause significant 
losses and high transport costs to bring the power generated to the grid. On 
our shores, certain areas of the Strait of Gibraltar with favorable conditions for 
the installation of power plants of this type and are located relatively close to 
shore. The Strait is a place where it has developed and continues to develop an 
intensive oceanographic research activity and its dynamics is fairly well under-
stood. However, the places where the theory of the dynamics of water exchange 
predicts the existence of strong unidirectional currents are not fully described 
and missing details that are important when carrying out an engineering proj-
ect aimed at extracting this kind of ocean energy. On the suitability of these 

sites and its potential as a profitable source of renewable energy is the focus of 
this work.

MEtHODOLOgY
The study was carried out considering two approaches: the first one from a nu-
merical model with which they have mapped the flow of energy. The second, 
experimental data from instruments moored in various campaigns conducted 
by the Physical Oceanography group of the University of Malaga, which are in-
cluded in the project of excellence P08RNM-03 738 (FLEGER) of the Junta de 
Andalucía.
The hydrodynamic model used for mapping of energy is the MITgcm general 
circulation model developed at the Massachusetts Institute of Technology (Mar-
shall et al. 1997). The model has a high resolution in the direction along the axis 
of the Strait (dx = 50 m), lower in the transverse direction (d = 200 m) while dz = 
7.5 m depth in the first 300m of the column water, gradually rising to 105 m to 
the bottom. Data also are high-resolution bathymetry, from the digitization of 
the chart published by Sanz et al. 2001.
The model reproduces satisfactorily the exchange medium and the dynamics 
of tides in the Strait (see Sánchez-Garrido 2009), and provides outputs of the 
hydrodynamic, salinity and temperature every 20 minutes during a simulation 
that covers a period of one tropical month. This reproduces the fortnightly cy-
cle-neap tides.
The flow maps are in sections made in areas of interest drawn in order to de-
scribe them. These sections can be transverse, longitudinal and horizontal. 
These maps represent the average flow of energy distributed throughout the 
section, an additional distinction, as the forward direction of ocean currents, 
positive if it is coming to the Mediterranean and negative if it is to the Atlantic. 
On the other hand, we have developed maps with which to have information to 
help determine behavioral aspects of energy flows in each zone, for example, 
find the points where the percentage of times the flow is above a value thresh-
old or, alternatively, the percentage of cases in which the currents do not devi-
ate from the mean direction.
Parallel and from data provided by the moorings is to determine reliably the 
spatial and temporal distribution of the intensity of ocean currents to generate 
energy is most favorable to the lowest possible cost.
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Research and management of marine and continental waters requires the de-
velopment of new vehicles, devices and techniques able to explore the different 
habitats.
The present paper is organized in two parts: a simulation platform and a para-
metric design. The first one, established a series of rules for reliable calculation 
of the drag forces of an underwater vehicle by means 
the use of tools of Computational Fluid Dynamics (CFD). Subsequently we use 
this platform 
to design an efficient vehicle from the hydrodynamic point of view.
The simulation involved a finite element analysis the volume of water in move-
ment around the vehicle. Are defined a water tunnel where the vehicle is po-
sitioned. Tunnels too small give unrealistic results by the effect of proximity of 
the tunnel’s walls to the vehicle. Too large tunnels imply excessive calculation 
times. The experiment determined the optimal size of the tunnel in relation to 
the vehicle. The simulation has been made with the tool of CFD software UNI-
GRAPHICS NX7.5.
In the same sense, mesh size of the water influences the results, with similar 
consequences. Large mesh size gives unrealistic results and too little high com-
putation time. Here also determined the optimal size of that mesh.
In the paper describe the calculation of drag forces to the hull of a vehicle with 
parameterized design. From experience, type design was taken as the shape of 
the water drop, consisting of a front ellipsoidal and the back paraboloid, with a 
cylindrical middle part. For simplicity, came to be used three design parameters 
for a constant volume. It has been considered including flaps face to recalcula-
tion of the drag forces. 
Additionally we considered the effect of the apparent current around the ve-

hicle being the angles corresponding to spherical coordinates.
With the simulations it was found that the drag force has a quadratic form with 
velocity, establishing a nominal velocity for the experimental and extrapolated 
to other velocities.
With relative to the forces is to emphasize the separation between friction and 
resistance to movement and pressure force on the hull.
A dynamical model has been developed using the computed forces previously 
obtained. Based on that, simulations showing the effect of the vehicle inside 
strong streams have been studied based on the distribution of loads.
Conclusions of this work had been taken into account for computing the drug 
forces of the vehicle shown below,
The prototype of submarine vehicle has been manufactured in compound ma-
terials using CAD/CAM/Robotics integration techniques. In addition, the same 
mold has been used for constructing a terrain vehicle with very good aerody-
namic behavior, which is competing in the Shell ECO-marathon.
This work was supported by the Spanish Ministry inside the DIVISAMOS Project 
(DPI2009-14744-C03-01) with title “Autonomous Underwater Inspection Vehicle 
for Oceanographic Missions”. The ultimate objective of the proposed project is 
to have an underwater autoguided and partially teleoperated vehicle, which 
can be fitted with various sensors and instrumentation to perform different 
missions, mainly for analysis of ocean waters, but also for monitoring in both 
the civil and military facilities. The Project covers the following areas: Oceano-
graphic Missions, Control Architectures, Multifrequency Systems, 3D SLAM, 
Scan Matching, Registration Data with 3D Reconstruction and Teleoperation 
and Human-Machine Interfaces.
As further work, the prototype will be used for studying maneuverability, ac-
cessibility, stability and fluidodynamic resistance in addition to evaluating its 
functionality and mission capabilities.

Fig.1. CFD Analysis

Fig.2. Design and Manufacturing
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Abstract
Seismometers use a GPS signal for time synchronization and the seismic data are 
collected, time marked and stored. The precision of the time marks is a key parame-
ter for the location and magnitude of an earthquake.Land seismometers are imple-
mented with an internal GPS receiver where only an external antenna is needed for 
time synchronization. This paper presents the implementation of the time synchro-
nization of a land seismometer through the IEEE-1588 protocol.Time synchroniza-
tion tests have been carried out and results are presented.

Keywords: Seismometer, acquisition system, IEEE-1588, time synchronization, time 
error.

I. INtrODUCtION
The IEEE-1588 “Precision Clock Synchronization Protocol for Networked Mea-
surement and Control Systems” [1] is a new standard widely used in industrial 
applications as robotics, sensor networks [2] and wireless applications [3]. The 
objective of this standard is to specify a protocol to synchronize independent 
clocks running on separatenodes of a distributed measurement and control 
system to a high degree of accuracy and precision. The clocks communicate 
with each other over a communication network. In its basic form, this protocol 
is intended to be administration free. The protocol generates a master slave re-
lationship among the clocks in the system. Within a given subnet of a network, 
there will be a single master clock. All clocks ultimatelyderive their time from a 
clock known as the grandmaster clock.
The IEEE-1588 has not been used in seismic applications yet. In marine applica-
tions seismic sensors are deployed at cabled seafloor observatories [4] where 
GPS signal cannot be reached for time synchronization, IEEE-1588 can be used. 
Furthermore, in caves where there is no GPS coverage, seismic sensors can ac-
cess time synchronization data through the Ethernet network by using IEEE-
1588. 
In this paper, the time synchronization of a land seismometer has been carried 
out using the IEEE-1588. The precision of the seismic data time marks allows the 
scientists to locate the earthquake epicenter coordinates as well as its magni-
tude.

II. SYStEM IMPLEMENtAtION
The seismic system used is a Trillium 120PA together with a Taurus acquisition 
system from Nanometrics Inc.Weighing only 7.2 kg and measuring only 21 cm 
in diameter, Trillium 120P/PA seismometers are three-component, very broad-
band, low-noise seismometers suitable for both portable and fixed applications. 
With an extended low frequency range useful out to beyond 1000 s, ability to 
resolve Peterson’s new low-noise model (NLNM) [5] down to a 100s period, low 
noise, and wide dynamic range, these observatory-class seismometers are ideal 
for tele-seismic, regional, and local studies.
The Taurus Portable Seismograph is a compact, self-contained digitizer and data 
logger that combines exceptional performance with versatility and low power 
consumption. The Taurus can be used either as a stand-alone time-series data 
logger or as a component in a data acquisition network. Taurus incorporates a 
three-channel 24-bit Digitizer, GPS receiver and System Clock, removable data 
storage, and remote communication options. Taurus is configurable locally us-
ing the colour display screen and integrated browser or remotely using any web 
browser over a TCP/IP connection. The GPS antenna is connected to the Taurus 
digitizer where an internal GPS receiver takes care of the time synchronization. 
For our application, the Taurus internal GPS receiver is removed and the Taurus 
connector pin-out is modified in order to receive the timing data externally.In or-
der to simulate the external GPS data, The LM3S9B96 microcontroller from Texas 
Instruments is used.  The LM3S9B96 microcontroller internally implements the 
IEEE-1588 by hardware. It is in charge of sending time synchronization frames as 
well as PPS (Pulse Per Second) signal (trigger) to the Taurus.  On the other hand 
the microcontroller board carries out a time synchronization with a grandmas-
ter clock, in this case a PXI-6682 card from National Instruments. Luminary board 
and the grandmaster clock are connected through a LAN network. The GPS data 

and PPS trigger are sent from the microcontroller board to the Taurus digitizer 
via the serial port. Fig.1. shows a block diagram of the IEEE-1588 time synchroni-
zation system implemented.

Fig. 1. IEEE-1588 time synchronization system

Fig. 2. Taurus time synchronization flow chart

Software has been developed using the Code sourcery(Cprogramming)devel-
opment environment and a Precision Time Protocol (PTP-V1) server.The time-
synchronization flow chartis shown in Fig. 2. This software is charge of sending 
the necessary timing data to the Taurus.
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III. tIME SYNCHrONIzAtION tEStS AND rESULtS
To test the system operation, some tests have been carried out in order to 
calculate the IEEE-1588 time synchronization of the system implemented.  In 
these tests we have used the synchronized PPS signal of the DK-LM3S9B96 as 
the input of the Taurus digitizer. A data acquisition is carried out with a 500Hz 
sampling rate and the stored data is studied to obtain the time synchronization 
error. As the synchronized PPS rising edges occur at 1s intervals, we can derive 
the error from the acquired data.As the sampling interval is low(2ms), it is not 
possible to sample the fast edges of the PPS.  However, the acquired samples 
are interpolated and represented in a graph.Fig. 3. Shows the data acquired in 
this test.

Fig. 3. Synchronized PPS signal acquired by Taurus.

Fig. 4. Data acquired by the Taurus digitizer

Fig. 5. Linear signal generated by a signal generator triggered by the PPS 
signal.

Fig. 6. Linear signal acquired by the Taurus digitizer.

In this test an error of about 76µs is observed.In order to find the delay in the 
acquisition,the first PPS generation time is compared to the first PPS acquired. 
The PPS generation time obtained from the PXI-6682 with a time resolution 
of a few nanoseconds.PXI-6682 indicates us that PPS generation start time is 
2011-04-08_08:45:43.000000000. When this time is compared with our data re-
trieval, we observe that our first PPS rising edge finishes (90%) is just on 2011-
04-08_08:45:43.000 (Fig. 4)
However, as the sampling interval is 2ms and the data acquired is interpolated, 
we can only assure that the error is below 2ms.In order to increase the time 
measurementresolution the PPS signal generated by the DK-LM3S9B96 is used 

to trigger a burst from a signal generator. The signal generated is used as the 
Taurus input signal.The linear signal triggered by the PPS crosses 0V at every 
rising edge. This behavior can be seen in Fig. 5.

In yellow we can see the PPS trigger signal and in blue Burst signal generated 
by the signal generator.By decreasing the slope of the input signal at instants 
where the trigger signal (PPS) is generated, we can measure the time difference 
between zero crossings and ensure an improved error measurement. The gen-
erated signal is acquired by Taurus (Fig. 6.).

We can observe an error in the second ascendant slope but it is caused by 
a software error when it reconstructs the signal based on ASCII data re-
trieval format.Fig. 6.shows that the start time of the first pulse is on 2011-04-
08_10:34:29,000061 and but it should be on 2011-04-08_10:34:29,000000000 
so we have an error of 61µs.

IV. CONCLUSIONS
A time synchronization of a commercial seismometer is carried out by using 
the IEEE-1588 standard. This implementation is highly useful in applications 
where the GPS signal is not accessible. The IEEE-1588 can achieve synchroni-
zation errors below 1µs. The tests carried out show the synchronization error 
is about 61µs. This delay takes into account the acquisition and data process-
ing software delay of the Taurus. In previous research, the delay between the 
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grandmaster clock PPS and the PPS generated by DK-LM3S9B96 was measured 
to be about 50ns [6]. This means that the external IEEE-1588 GPS can provide 
synchronization trigger error of 50ns.
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ESTOC: NEW APPROACH WARRANTS lONg-TERM SUPPORT TO 
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Abstract
The European Station for Time-series in the Ocean, Canary Islands “ESTOC” was 
initiated in 1994 about 100 km north of the Canary Islands in 3618 m water 
depth [1]. The University of Bremen, IFMK, IEO and ICCM created an Eulerian 
long time series on an inter- and multidisciplinary basis in order to monitor and 
help understand oceanic long-term variability in the North Atlantic subtropical 
gyre in conjunction with the Bermuda station BATS. ESTOC is an open ocean site 
in the sense that it is located well outside the highly variable eastern boundary 
with its strong coastal upwelling regime (although interaction with this regime 
exists), is deep enough to encompass the eastern subtropical North Atlantic’s 
major water masses including the North Atlantic Deep Water (however not the 
AABW), is windward of the Canary Islands to avoid wake effects of both the ma-
jor currents and winds (Canary Current and Northeast Trade Winds), and is far 
enough from coasts and islands (the Selvages 100 km northwards are very small 
and flat) to serve as reference for satellite images and altimetry. Thus, it was ex-
pected that long-term observations at ESTOC represent open-ocean eastern 
subtropical North Atlantic conditions and variability. The observation program 
was constituted by a monthly sampling program and some diverse arrays of 
physical and biogeochemical sensors[2].
The original aims of ESTOC were extended through the ANIMATE (Atlantic Net-
work of Interdisciplinary Moorings and Time-series for Europe and MERSEA 
(Marine Environment and Security for the European Area) project framework. 
Among the principal aims we can emphasize the development of a European 
carbon cycle time-series infrastructure at 3 key sites in the north east Atlantic. 
Those sites were networked within a larger-scale ocean carbon observing sys-
tem, providing critical input to studies on climate change and in particular the 
role of carbon dioxide (CO2). European integration was also recently achieved 
with nine European deep-ocean stations through the EuroSITES project (Euro-
pean Ocean Observatory Network).
ESTOC has the widest time-series data of hydrography and biochemical mea-
surements from the ship-based casts carried out in the Northeastern Atlantic 
Ocean (from 1994 to date). In addition, the historical ESTOC marine observa-
tional programs provide with supplementary time-series of high resolution data 
from moored sensors such as current meter, sediment trap, temperature, salin-
ity and nutrient meters. Recently, the pH, CO2 and dissolved oxygen sensors 
were added to the ODAS buoy, with real-time data transmission. 
The ocean/atmosphere CO2 fluxes and its influence on the biogeochemical 

processes is currently the main research focus[3-5]. Warming and changes in 
circulation and biology most likely will indeed lead to a further CO2 increase, 
depletion of dissolved oxygen and ocean acidification, thus justifying the need 
for continuous and long-term operation of the station.

In order to warrant continuous and long-term operation, ESTOC is now operat-
ed by the Canary Islands Oceanic Platform “PLOCAN” Observatory, thus securing 
operation and maintenance until at least 2021. PLOCAN provides three gliders 
ready to operate around the site. The combination of the ship-based sampling, 
moorings, glider flights, ARGO profilers and drifters, as well as the historical 
time-series data, makes the ESTOC site an observational oceanic reference in 
the North Atlantic. In addition, PLOCAN Observatory is associated to ESONET 
and an accepted site infrastructure for EMSO. All Observatory components are 
open to science and R&D projects with third parties, including sensor connec-
tion and testing.
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(above) Fig. 2 Current state of ESTOC Mooring

 (left) Fig. 1. Temperature (top) and salinity (down) time-series 
at ESTOC site, from surface to about 1500 meter depth..

OBSEA detail. Picture by Ramon Margalef.
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Abstract – Determining the volume of an animal can help us to understand certain 
aspects of its hydrodynamics and thermodynamics, such as behavioral thermoreg-
ulation and energy consumption. This determination is difficult due to the irregular 
shapes of the animal’s body. On the other hand, large calibrated tanks are needed 
for measurements and this is not functional.
We have designed an innovative mechanism to register morphological characteris-
tics in a fast, low-cost way, using standard digital photography.

Keywords – measure morphological data, photography, mesh, low-cost, volume, 
shark

I. INtrODUCtION
Pelagic sharks play a vital role in maintaining the balance of marine ecosystems. 
They have been under increasingly intense fishing pressure due to a higher 
demand for shark products. This over-exploitation affects populations that are 
generally fragile and is leading some species to the brink of extinction. In this 
context, more investigation is necessary to know those animals.
Determining the volume of an animal helps us to understand aspects of its hy-
drodynamics and thermodynamics, such as behavioral thermoregulation and 
energy consumption. Calculating the volume of animals is complicated because 
they have irregular shapes of the bodies. On the other hand, large calibrated 
tanks are needed for measurements and this is not functional.
In this work we present an innovative system to calculate volumes by image 
analysis. In a first step, we need to create a mesh in 3 dimensions from two pho-
tographs of 2 dimensions. In a second step, a program determines the volume 
analyzing the figure. It is important that the mesh is well adapted to the body. 
This system could be used for the automatic counting and monitoring of other 
species in the environment.

II. OBjEtIVES
1. Finding a way to accurately measure the volume of large sharks. This method 
should be able to be used in ships.
2. Quantifying the error to create a 3D model through 2 photos.
3. Implementing the process for measuring volumes in other species.

III. ExPErIMENtAL CHArACtErIzAtION
We worked with the blue shark (Prionace glauca). Preliminary tests had helped 
us to set the range of measures that we were bound to work with, from 0.5 to 
15 l. 
We conducted experiments with small sharks. These sharks’ volume was calcu-
lated accurately as they could be introduced in test tubes. Indeed, the only way 

to accurately measure volume is through volume displacement techniques, us-
ing a big test tube (2 meters high and 400mm in diameter), specifically designed 
for the test.
In a second step we set the characteristics of the photos that we would use for 
the estimation of the volume: zenital position, and lateral position.
Finally, we took zenital and lateral pictures of the shark against a background 
scale. This enabled us to establish common axes. In the computer, the photos 
are transferred to the Blender program, an open source 3D graphics applica-
tion that can be used for modeling and creating interactive 3D applications. It 
creates a 3D NURBS mesh and converts it into a triangulated mesh to calculate 
the volume.
This calculation is performed by AdMesh software (program for processing tri-
angulated solid meshes in STL file format) that checks the integrity of the mesh 
and closes the holes. The software gives the result of the volume by finite ele-
ments. This result is compared with the one obtained in the test tube.

IV. PrELIMINAr rESULtS
The first 3D models had an error of 24% approximately. As we made new mea-
surements with larger animals and obtained new meshes the error decreased 
to under 10%.

Tiny Shark Medium Shark Large Shark

Real Measure 0,185 1,98 10,95

Mesh 3d W i t h 
fins

Without 
fins

W i t h 
fins

W i t h -
out fins

W i t h 
fins

With-
out fins

0,230 0,195 2,28 2,15 13,3 11,9

Error 24,3% 5,4% 15,1% 8,6% 51,4% 8,6%

An interesting observation is that taking into account the shark fins on the 3D 
model increased the final error by a constant value. On the other hand, the mesh 
is easily adaptable to a spindle-shaped smooth profile, but does register nooks 
and crevices of a real animal (mouth, holes). We believe that both errors com-
pensate each other. 

V. CONCLUSIONS
The volume measurement of large sharks is not easy to perform accurately, and 
less on board of a ship. The proposed model is the indirect calculation through 
photographs and finite approximations through a digital model of the shark. 
This process gives us a 10% error in the calculation, which is better than the one 
done in the field.
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Abstract - The purpose of this report is to present the design and operation of a 
buoyancy control system for an autonomous underwater vehicle (AUV) that enables 
rapid construction, high reliability and low cost.

Keywords – AUV, bouyancy system, low cost

I. INtrODUCtION
All ships and submarines on the surface, are in a state of positive buoyancy, 
weighing less than the equivalent volume of water displaced (according to 
Archimedes’ principle). To submerge hydrostatically (without mechanical as-
sistance), a ship must gain neutral buoyancy (weight equal to water drive) by 
increasing its own weight or decreasing the water displacement (volume). To 
control their weight, submarines are equipped with ballast tanks that can be 
filled with water or air taken from outside.
This system is designed for a vehicle (project VACCA) that will operate in coastal 
regions, and thus must consider the important density variations found in those 
regions, resulting, for instance, from upwelling processes or river discharge. This 
density can vary in the surface from 995.6 kgm-3 for the case of fresh water at 30 
degrees to 1028.7 kgm-3 with a salinity of 37 and a temperature of 9 degrees. It 
should consider that the density can reach 1030 kgm-3 in the event that the unit 
is used for example in Mediterranean waters.

Moreover, the value of density is not constant with depth The density may be 
constant in a certain range of depths (mixed layers) and then change abruptly 
in just a few meters (pycnocline). The device, when profiling should be able to 
adapt to the changing buoyancy conditions.
On the other hand horizontal variations in the density of water, caused in turn 
by variations of temperature and salinity, lead to the so-called thermohaline 
currents. The intensity of these currents is usually very low (about 0.2 knots) but 
occasionally can reach 1 knot near the coast.

II. SYStEM DESCrIPtION
The system has three main components of a pressurized tank, a pump and valve 
system. The system volume can vary by adding or subtracting water. When emp-
ty, the tank provides a positive buoyancy  and negative buoyancy when the tank 
is full. The system is controlled by the level of water in the tank. This system is the 
most flexible of the methods to control the buoyancy of an AUV.
The simplest design is that the tank is at atmospheric pressure and buoyancy 
of the vehicle diminishes as the water fills the tank. To increase buoyancy, the 
water is pumped out. In this scenario, the tank has to be sturdy enough to with-
stand hydrostatic pressure when empty (pressure differential).
you can pre-pressurize the tank thus reducing the pressure differential between 
the tank and the water. In this case, the preload would reduce the energy con-
sumed in the pump, but would require a more complicated system of valves.
The major advantage of this design is the scalability and utilization of space. This 

advantage derives from the unique dependence on a single tank for buoyancy 
control. It is only necessary to find components that meet the required specifica-
tions for the operating pressure.
The improvement in performance only requires a larger deposit, since the pump 
can always work at maximum design power.
It is not possible to fill the tank completely, there will always be air in the tank. 
The maximum available volume of the tank will be 85-89%.

III:CONCLUSION
It is important to note that the choice of flotation systems relies heavily on the 
use of the vehicle. In our case, the AUV must make multiple vertical profiles over 
24 hours. Hence, we think that a buoyancy control system through water injec-
tion is the best way to save energy.
But the main reason for developing a buoyancy control system is the possibility 
of using this system (or foreground) in future applications of AUV, such as hori-
zontal navigation, maintenance at a certain depth, tilt control, etc.
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Abstract- This contribution describes the origin and activities of the Marine Tech-
nologies Unit (UTMAR), part of Centro Tecnológico del Mar, Fundación CETMAR. The 
Unit focuses on the development of capacities and initiatives in the field of marine 
technology, as well as the provision of highly qualified services through the oceano-
graphic calibration laboratory and workshop for oceanographic equipment.  

Keywords: Marine technology, Technology transfer, Calibration, CTD profilers, 
Oceanographic buoys

BACkgrOUND
The “Centro Tecnológico del Mar-Fundación CETMAR” was funded in 2001 on 
the initiative of the Xunta de Galicia and the Ministerio de Ciencia e Innovación. 
Its main objective is to promote cooperation between institutions, research cen-
tres and the marine-fishing sector, identifying the needs of the productive sec-
tor and helping with the transfer of technology to meet those needs. CETMAR 
participates in projects and develops partnerships at regional, national and in-
ternational levels, and both the public and private sectors related to the sea and 
its resources are beneficiaries of those activities. 
The Marine Technologies Unit (UTMAR) is part of CETMAR and it was created in 
2009 in a context of an increasing need of  continuous monitoring of the water 
quality which in turn was linked to the implementation of the European Water 
Framework Directive (2000) and its transposition through the Spanish “Directiva 
marco sobre la estrategia marina” (2008). Furthermore, there was a clear sup-
port to all activities related to the development of marine instrumentation and 
ocean observation both from intergovernmental initiatives such as GOOS, or en-
couraged by the European Commission (GMES). In a regional scale, funding was 
located (RAIA project) to help and consolidate a cross-frontier oceanographic 
observatory in an area (NW coast of the Iberian Margin) where an important 
potential had been identified, with numerous institutions and companies work-
ing in that field. UTMAR, through its participation in RAIA project, contributes to 
that consolidation by providing strategic services: an oceanographic laboratory 
for the calibration of CTD sensors and a workshop for oceanographic buoys.

tHE OCEANOgrAPHIC CALIBrAtION LABOrAtOrY
 The Oceanographic Calibration Laboratory (Fig.1) is equipped with the best 

available technology and designed to comply with all the requirements of 
the current international quality standards. It is endowed with primary physi-
cal standards, secondary transfer standards and specific equipment to perform 
temperature, salinity and pressure calibrations. The choice of instrumentation 
in the absence of an international standard or any other official methodology 
was a complex process. Throughout this process, the highest quality standards 
for testing and calibration laboratories (ISO 9001 and ISO/IEC 17025) were con-
sidered.
Finally, the instruments selected were the following:
Temperature
   •SPRT probes.
   •Temperature-fixed points (TPW and Gallium melting point).
   •High-capacity temperature-controlled bath.
Salinity
   •GuildLine Autosal.
Pressure
   •Hydraulic Death Weight Tester for high-pressure ranges.
   •Pneumatic Death Weight Tester for low-pressure ranges. 

Ensuring high-quality marine data is an actual need not only for the observatory 
but for all the institutions and companies involved in marine observation. In this 
way, the Oceanographic Calibration Service was born to meet this technological 
gap and to provide technical support to all these potential beneficiaries of the 
laboratory services.

SUPPOrtINg rAIA OBSErVAtIONAL NEtWOrk
In addition to the oceanographic laboratory, UTMAR is undertaking new tasks 
as new observational infrastructure is incorporated in the RAIA observatory. 
Amongst them, more capacities are being developed related with the design, 
equipment and installation of oceanographic buoys. Following this on-going 
experience, a new monitoring system is being devised to optimize the installa-
tion of oceanographic buoys and facilitate its further maintenance, thus reduc-
ing costs.
To tackle particular problems from researchers, specific technical solutions have 
been proposed and developed (see companion paper in this issue “System cal-
culation of volumes by image analysis on sharks” by González and Mucientes).  

Fig. 1. Temperature bath in the UTMAR-CETMAR Oceanographic Calibration Laboratory

belén Martín1, Ana Almécija1, Ignacio gonzález1, Nicolás Romero2 y Silvia Torres1
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Abstract – Experimentation in Underwater Acoustics field presents several difficul-
ties derived from the environment selected (sea, ocean or lake) and its accessibility. 
A priori, these drawbacks can be solved in closed test environments such as cylin-
drical and parallelepipedical shaped tanks typically used by scientific community. 
However, in these scenarios, diverse physical phenomena provoke the signal per-
turbation. In this paper, these crucial problems are analyzed and it is presented the 
advantages of using a truncated conical tank in Underwater Acoustics research.

Keywords – underwater acoustics, reflection, multipath, tests tank, truncated coni-
cal tank

INtrODUCtION
Underwater Acoustics is a scientific field which deals with the study of underwa-
ter sound propagation of physical signals, involving the generation, transmis-
sion and reception of acoustics waves. In particular, Underwater Acoustics ana-
lyzes how the medium variability has an influence on signal communications. 
For instance, the depth, temperature or salinity leads to changes at the sound 
velocity of the waves transmitted. Furthermore, several physical phenomena 
such as reflections, scattering, reverberation, absorption or Doppler effect can 
affect significantly to the signal propagation. It can be also disturbed by dif-
ferent sources of noise. All those phenomena result in a decrease of the wave 
strength, and many occasions, the signal loss. Therefore, it is an important issue 
to consider, which is studied in this paper.

trADItIONAL UNDErWAtEr ACOUStICS ExPErIMENtAtION
In order to test underwater devices and take acoustics measurements, an appro-
priate test scenario is required. A first option is to deploy an acoustic source and 
a receiver in the sea. However, research in this environment or in other real sce-
narios such as oceans or lakesmay result highly difficult and expensive. Sea tests 
require renting specialized infrastructures like a ship, and so, there is a need of 
planning the experiment with enough beforehand. Furthermore, the weather is 
another important requirement to take into account in an outdoor deployment. 
Bad atmospheric conditions would involve high costs and delays.
This leads us to notice the advantages of using an accessible and controlled 
tests environment [1][2]. A tank solves these aforementioned shortcomings, 
providing an efficient test-bed environment for signal probes. However, the us-
age of a simple hydroacoustic tank with a parallelepipedic o cylindrical shape 
involves new drawbacks. In particular, in these closed environments, the most 
significant physical phenomenon is the signal reflection which has adverse in-
fluence on transmission, being even more relevant than the produced one into 
a sea environment. Usually, in the sea, the reflection appears when the waves 
bounce in the surface or the bottom. In a tank, the increase of signal reflections 

is considerable due to additional bounces in the walls of the tank (Fig 1).There-
fore, when a source device transmits a signal, the waves generated will arrive to 
the sink with different phases (this phenomenon is denoted as multipath). In 
this case, if the delay between the direct wave and reflected ones is short, the 
sink receives a mix signal formed by direct and reflected waves, not being able 
to distinguish them. These interferences and fading phenomena provoke that 
the sink does not comprehend the information received. To avoid these draw-
backs, we should work with a special shaped tank, where the experiment can be 
controlled and also the process is quite similar to the one in the sea, decreasing 
the number and strength of the waves reflected.

HOW tO SOLVE tHE AfOrEMENtIONED PrOBLEMS: trUNCAtED CONICAL 
tANk
The way to work in a controlled environment and avoid extra reflections derived 
from the presence of physical boundaries is solved by using a tests tank with 
a special geometry. The best solution known so far is a truncated conical tank 
(Fig.2).The leaning walls deflect reflected waves upward avoiding them to get 
the sink.
In this sense, the tank at Technological Naval Center in Murcia, Spain is the only 
tank in the entire country with this advantageous shape. With 10 meters depth 
and 20 meters diameter, its truncated conical shape comprises the best scenario 
for developing underwater acoustic tests. The layout with the transducers in the 
tank can be seen in Fig.2.

Fig. 1. Typical controlled environment.
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Fig 2.Transducers layout at truncated conical tank.
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Abstract- More than 500 drifting buoys were deployed during the period of 1998 – 
2010 in the Macaronesian region. The study of their trajectories has provided a good 
knowledge about the surface current system in this area. All this information has 
been implemented into a model intended to cover marine emergency situations in 
the Macaronesian archipelagos, such as search and rescue operations and pollut-
ant dispersal. The aim is to develop an Operational System, based in the combina-
tion of observations and analyses of oceanographic data with numerical simula-
tion, in order to predict the drifting objects trajectories. 

Keywords: drifters, surface current, model, Operational System

INTRODUCTION
This development took place under the Surface Velocity Program (SVP) of the 
Tropical Ocean Global Atmosphere (TOGA) experiment and the World Ocean 
Circulation Experiment (WOCE). Initial funding was provided by the US Office of 
Naval Research, with subsequent support from NOAA and the National Science 
Foundation. Competing designs were submitted by NOAA’s Atlantic Oceano-
graphic and Meteorological Laboratory (AOML), MIT’s Draper Laboratory, and 
Scripps Institution of Oceanography (SIO).
Currently all the data collected with these buoys are being processed to establish 
the patterns of subsurface currents, studying their seasonality and variability in 
the environment of the Macaronesian archipelagos (Canaries, Madeira, Azores 
and CapeVerde), this took place under the MacSIMAR Projects (Incorporation 
of the Integrated Meteorological and Oceanographic Monitoring System in the 
Macaronesia, within the strategy of the integrated European marine/ maritime 
research).  These data can be integrated into predictive models of drifting ob-
jects, in order to provide assessment in the possible events of human or material 
loss due to maritime accidents.
 In the eastern Atlantic, the circulatory flow of the subtropical gyres recirculates 
a considerable amount of waters that enters this eastern basin across the central 
Atlantic ridge, mostly to the south and, to a lesser extent, to the north of the 
Azores. The main transport is concentrated in the Azores current and continues 
towards the east following the zonal currents of the Azores Front, where the 
anticyclonic flow turns and braches into three currents in the Canary Basin. The 
firs branch flows very close to the eastern flank of the central Atlantic ridge; the 
second is located in the central Canary Basin; and the third circulates around 
Madeira and constitutes the Canary Current.

DRIFTING BUOy
Since the 1970s, many drifting buoys have been deployed as part of a wide 
range of scientific studies. This drifter consists of a surface buoy and a subsur-
face drogue (sea anchor), attached by a long, thin tether. The buoy measures 
temperature and other properties, and has a transmitter to send the data to 
passing satellites. The drogue dominates the total area of the instrument and is 
centered at a depth of 15 meters beneath the sea surface. Each drifting buoy can 
be fitted with a range of sensors to measure the surface temperature of the sea, 
barometric pressure, salinity, wind speed and direction, etc. The buoy also car-
ries sensors testing for submersion and tension on the tether, to prove that the 
drogue is still attached. Drifter locations are estimated from Argos, a satellite-
based system for collecting, processing and distributing data, which is operated 
by Collecte Localisation Satellites in Toulouse, France. 
The Drifter Data Assembly Centre run by NOAA/AOML is based in Miami, Florida. 
The mission of the centre is to collect the data, verify their quality, interpolate 
them at six hours intervals and keep them in the database which can then be 
consulted online. The database currently contains the data from 13.876 SVP 
drifting buoys deployed since 1979.  The data collected from this array of buoys 
comes from many countries participating in the Global Drifting program.

RESULTS
The results of the annual surface circulation in the Macaronesian archipelagos 
obtained from drifting buoys have provided a good knowledge of the surface 
current system in this area. It also confirms the variability in current direction as 

an indicator of the tendency for gyres to appear in the current. This information 
has allowed us to compare the structures observed from satellites with drifting 
buoys deployed in the area. 
An Operational Oceanography System is being implemented, based in the com-
bination of observations and analyses of oceanographic data with numerical 
simulation, in order to try predicting the drifting object trajectories. It is intend-
ed to cover marine emergency situations in the Canaries Archipelago waters, 
like research and rescue operation. The buoys trajectories are used for the cali-
bration of the results obtained by the models. The development of the model 
is by means of the hydrodynamic equation and the most probable trajectory is 
obtained for the initial conditions.
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Fig1. The trajectories 
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Fig2. The trajectories 
of a buoy deployed in 
Canaries
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Illegal immigration by sea has become a major headache in recent years. In fact, 
EU member states detected more than 48,000 cases in 2007 alone (source: Fron-
tex annual report). It is difficult to monitor – and is dangerous, often ending in 
tragedy. Other criminal activities, such as drug smuggling and terrorism, are also 
harder to police at sea. In short, controlling blue borders is a complex and costly 
challenge. Until now, border agencies have relied on ships, planes or helicopters 
to patrol and protect coastlines. But this approach is not completely reliable – 
and is a drain on vital resources such as money and manpower. That’s why the 
EU is seeking a more effective response to the challenge.
Now, Carl zeiss Optronics is leading the development of a new, groundbreaking 
solution for monitoring maritime borders: AMASS – the Autonomous Maritime 
Surveillance System. Commissioned in 2008, the initiative is partially funded by 
the EU, and has seen Carl zeiss team up with nine technology specialists and 
border agencies from across Europe – including Instituto Canario de Ciencias 
Marinas (ICCM) from the Canarian government and the Armed Forces of Malta 
(AFM) as a final users of the system.
In a trailblazing project, the EU-backed consortium is creating an innovative 
system to enable the early detection and location of small and midsize vessels. 
The aim? To provide authorities with early warning of illegal activities at sea and 
improve overall protection of European shores.

The AMASS system comprises a network of unmanned platforms (moored 
buoys) located a considerable distance from shore. Each autonomous platform 
is fitted with cutting-edge sensors (optical and acoustic modules) and operates 
self-sufficiently (power system based on solar, wind and fuel-cells), i.e. without 
the need for manual intervention. Data captured by the sensors is transmitted 
to a central command centre, where an operator views it on screen. If a suspi-
cious entity is detected, a crew can be dispatched to investigate or other action 
taken.
The leading-edge technology behind AMASS provides reliable, 24/7 surveil-
lance – giving border agencies the early, accurate warnings they need. The 
optical sensors offer a 360-degree view of the area above water – significantly 
improving situational awareness for coast patrols. What’s more, the platforms re-
main fully functional in all weather conditions. AMASS is also significantly more 
economical to operate than patrol ships, and frees up human resources for other 
tasks – providing an all-round more cost-efficient solution. But most important-
ly, AMASS helps border agencies protect their own personnel and save the lives 
of immigrants. The upshot? Safer, more secure European coastlines.

C. barrera1, T. Anderson2, C. Travieso3, J. Honne4, E. Porosinska5, H. Podolski6, C. O’Neal7,
T. Metz8, W. Krueger9, S. Crabbe10 and O. llinas1

(1) Instituto Canario de Ciencias Marinas (ICCM). PO box 56. Telde. las Palmas. Spain
(2) Carl zeiss Optronics (zeO).Oberkochen. gernany
(3) Universidad de las Palmas de gran Canaria (UlPgC). las Palmas de gran Canaria. Spain
(4) Fugro-Oceanor (FOAS). Trondheim. Norway
(5) Centrum Techniki Morskiej (CTM). gdynia.Poland
(6) IQ-Wireless gmbH. berlin. germany
(7) Armed Forces of Malta (AFM). luqa. Malta
(8) Hardware-Software Formula (HSF). Sokolov. Czech Republic
(9) . Fraunhofer Institute of Optronics, System Technologies and Image Exploitation (IOSb).Karlsruhe. germany
(10) Crabbe Consulting ltd. Stockton-on-Tees. United Kingdom4. Oceanic Platform of the Canary Islands, PlOCAN 35214 Telde, gran 
Canaria, Spain.

AMASS AUTONOMOUS MARITIME SURVEIllANCE SYSTEM



Instrumentation Viewpoint /11/ MARTECH1129

The Spanish Ministry for Science and Innovation (MICINN), through its 2008-
2011 R&D&I Plan and the Subprogramme for Strategic Projects in Energy, (fol-
lowing protocols included in the E-Plan), has granted 2.1M€ for the develop-
ment of an innovative wave-power generator, based on the multiple uptake of
potential and kinetic energies from sea waves, under the name of WELCOME 
Project (Wave Energy Lift Converter Multiple España). Led by PIPO SySTEMS 
(www.piposystems.com), the project is also developed by a Spanish consor-
tium composed of the company ANORTEC (www.anortec.com) and two public 
research institutions: Plataforma Oceanica de Canarias (PLOCAN) (www.plocan.
eu) and Consorcio Escuela Industrial Barcelona (CEIB) www.ceib.upc.edu.
The proposed system is based on the APC-PISyS technology (first state-of-the-
art device designed with multiple collectors and complementary converters, 
able to transform off-shore wave-power into useful energy), providing clear 
technical and economic advantages over its single-use competitors. Singulari-
ties of this device hinder a direct comparison. However, based on previous stud-
ies and validations performed, it is expected that under similar swell conditions, 
a multiple system as the one proposed, will double-up both the power and en-
ergy generation of the best single-use technologies. The 1:5 scale prototype, op-
erated in typical Canary Island’s mean-swell conditions, is expected to generate
powers between 100 and 120 Kw/h.
APC-PISyS is a wave energy converter, designed by PIPO Systems divided into 
the following main parts: Surface buoys, Buoy of variable volume, Positioning 

buoy, Mechanical transmission system and Anchorage and mooring systems. 
Two sections are operated (Surface buoy - yellow / Submerged buoy of variable 
volume - Red). Both buoys are joined by hawsers that are tautened by buoyancy 
forces from a windlass. Using this windlass the linear movements are converted 
into rotational movements, which finally are converted in one direction only.
The buoys always move in opposite directions, simultaneously increasing their 
strength and the distance travelled. The third buoy (green) keeps a constant 
depth by means of its mooring on the seabed. In this positioning buoy the sys-
tems for control, generation and measurement of the power are enclosed. The 
oceanographic measurement systems are situated a chamber in the interior of 
the superficial buoy and have specific external supports.
WELCOME’s main aim is to develop and demonstrate usefulness, as well to apply 
the APC-PISyS technology capacities to the well-know and widespread exist-
ing energy shortage in marine monitoring autonomous devices for both coastal 
and off-shore applications.
Prototype’s design and construction have been carried out in Barcelona and 
Gran Canaria (Canary Islands), expected to be ready for mooring and put into 
operation in summer 2011 on the NE coast of Gran Canaria, giving support to a 
complex oceanographic buoy as application-example for remote and “power-
hungry” autonomous devices at sea.
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The Oceanic Platform of the Canary Islands (PLOCAN) is a multi-purpose service 
facility composed by a set of large infrastructures to support research, technol-
ogy and innovation in the marine and maritime sector in the North-East Central-
Atlantic Ocean. PLOCAN’s mission is to promote long-term observations and 
sustainability of the ocean. It aims to make contributions to these goals through
multidisciplinary approaches, clustered expertise and cost-effective combined 
services, including observatories, test beds, a base for underwater vehicles, an 
innovation hub, and training as common element. Built by a consortium be-
tween regional and national Spanish governments, the target users are not 
confined within Spain’s borders being international partnerships crucial to its 
success. The end-users should likely be groups, from both public and private 
sectors, and it is intended to attract international research programs and net-
works, academia and government. The consortium will share the cost (€50 mil-
lion) for the next decade, so putting it on a sound financial footing from the 
start. The project was approved in 2007 as a node of the Spanish Network of 
Large Scientific and Technological Infrastructure (ICTS) and further supported 
by the Ingenio 2010 Program(1) . The project is at this moment in time at the 
tendering stage for building and fixing infrastructures, which are scheduled for 
2011. PLOCAN’s operational phase is planned to start in 2012, although scien-
tific and research activities are already taking place.
PLOCAN infrastructures are based on a set of experimental facilities and labora-
tories on land; an offshore platform located at the edge of the continental shelf; 
and deep observation sites, some of them connected via cable. So, PLOCAN 

provides a suite of equipment and instrumentation for studying the diversity of
waters around the site. The provision of the ocean platform is unique. It is de-
signed to enable occupation and operation in a safe and stable ocean location, 
with direct access to the deeper ocean, through the provision of remotely oper-
ated vehicles, machinery and underwater work instruments, of many kinds, to
observe, produce, use or install service resources at depths that up to now, were 
only possible for the hydrocarbon exploration and extraction industries, or from 
temporary floating platforms.
Combined with observatories, test beds, an innovation hub and training pro-
grams, PLOCAN offers a base for the support and development of new technol-
ogy for underwater vehicles. The concept is to maintain a core of vehicles, in-
struments and machines (VIMAS) as a national center, and to offer services and
facilities that optimize (by improving efficiency and reliability, and simplifying to 
reduce costs), all the operations of these ocean devices. It is hoped that this pro-
vision will attract a wide range of underwater vehicles as a working showcase 
of the latest technologies, as well as providing services such as testing, main-
tenance, transportation, development and perhaps supply. The fundamental 
strategy is to promote national and international collaboration to share the use 
of large vehicles in the area (ROV, AUVs, etc), while focusing research and de-
velopment on small, light-weight, low-cost autonomous underwater vehicles 
such as gliders.
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Abstract - Biofouling is a ubiquitous natural process whereby organisms such as 
bacteria, algae or invertebrates form a living biological layer, typically at the inter-
face between a solid surface and an aqueous environment. The build up of biofoul-
ing is a process that can impair the function of many artificial mechanical devices 
across a number of different disciplines, ranging from medicine to engineering and 
marine transport. This work shows the development of novel materials based on 
bio-inspired design and novel polymeric coatings for prevention of anti-fouling on 
sensor housings. Results of tested anti-fouling coatings are presented.  The effect of 
topographic features is shown to impact on the settlement of diatoms in the early 
stages of biofilm formation.  Novel polymeric coatings show promise in prevention 
of bacterial attachment.  The results from the deployment of antifouling materials  
together with real-time water quality data from the test site is shown.

INtrODUCtION
Real-time continuous monitoring of Dublin Bay has illustrated the potential of 
sensor systems in management of a marine environment. Data form a ySI Hydro-
data sonde collected at 10 min intervals illustrates the impact of ship movement 
in the port and provides an insight to when samples for biological and chemi-
cal parameters should be taken. The main challenge of sensing in the aquatic 
environment is biofouling of the sensors causing the data quality to degrade 
and increasing the cost of ownership of a monitoring system. Specifically in the 
marine environment, biofouling has historically been kept in check by a range of 
biocides and self polishing paints.  The ban of TBT in 2008, has led to the need to 
research and develop novel alternative non-toxic antifouling strategies. Recent 
research has shown that physical surface micro-topography (micro-patterning) 
can significantly influence the rate of and strength of attachment of a marine 
biofilm by altering surface properties such as free energy and hydrodynamic 
flow or boundary layer thickness over the surface. The ability to significantly re-
duce or prevent biofilm formation by surface topography manipulation, inher-
ently non-toxic in nature, would have many applications in marine and sensor 

technology applications. It appears that manipulation of surface roughness and 
topography has already been incorporated into antifouling strategies in the ma-
rine environment by certain marine organisms and we will present the results 
of our research into how natural surface topographies are used by crustaceans 
(Figure 1), molluscs and certain fish species to control biofouling. In tandem 
with this we are investigating the role that engineered biologically inspired 
micro-textures with very specific dimensions can play in the attachment rate of 
particular common marine fouling species and how best microtopography can 
be employed practically in the marine environment to reduce fouling. In paral-
lel, we report the use of plasticised poly vinylchloride (PVC) as a potential anti-
fouling coating material. The materials contain a variety of sebacic and succinic 
acid derived plasticisers providing a variation in molecular shape and structure; 
diethyl succinate (DESn), di-(2-ethylhexyl sebacate) (DEHS), dibutyl sebacate 
(DBS) and diethyl sebacate (DES). Each plasticiser from the sebacate group pos-
sessed the same basic C10H16O4 moiety with varied dialkyl terminated groups 
affording a different range of homologous series plasticisers. The work investi-
gates if branching of the side substituted alkyl chains on each plasticiser mole-
cule affects microorganism attachment and subsequent fouling. The plasticised 
polymers are spin coated to create thin films for testing. In order to determine 
the antifouling capacity of the materials, the polymer coatings underwent a se-
ries of analyses for biomass determination, glycocalyx production and protein 
and carbohydrate adsorption. Topological and morphological characterisation 
was carried out using scanning electron microscopy (SEM) and atomic force mi-
croscopy (AFM). After an environmental study it was found that the plasticisers 
with increased alkyl branching, DESN and DEHS showed the greatest degree 
of prevention of microorganism colonisation and attachment thus significantly 
reducing the initial formation of biofilms by up to 65% in some biofouling assays 
when compared to the uPVC blank. Results of field trials illustrate the improved 
performance of the novel anti-fouling materials. 

Figure 1: Strategies for the development of antifouling surfaces based on biomimetic design.
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Abstract- The objective of this paper is to define one method for the characteriza-
tion of the measurement system of conductivity on liquids at temperatures different 
from 25 Celsius degree. This characterization has the objective to know the average 
values and the uncertainty of the measured conductivity.

Keywords- conductivity, temperature, uncertainty, CTD calibration

INtrODUCtION
With the commercial conductivity meters available, nowadays it is possible to 
obtain measurements with its uncertainness associated at 25ºC only because 
this is the temperature for what the conductivity standard solutions can be 
found with certified traceability.
 In our application, the measurement equipments are located in the seafloor 
of the western Mediterranean coast, for what they will work in a temperature 
range from 10 to 20ºC. Knowing the uncertainty of the measurement device in 
the temperature operation interval will contribute to a better reliability of the 
obtained data. Once measured the conductivity value, it is possible to calculate 
also the salinity and obtain its average value with an associated uncertainty.

PrOCESS
For this calibration method, first of all a conductivity cell is required. In order to 
evaluate the method a custom made cell developed in our lab has been used. 
Once the cell has been manufactured, its associated uncertainty has been calcu-
lated using an appropriate method:
    A. Sensor and measurement system
    B. Prototype tests, linearity and interference
    C. Uncertainty calculation of the cell factor K for our device
    D. Conductivity calculation and its uncertainty for a liquid solution

DEVELOPMENt
    A. Sensor and measurement system
The prototype, Fig.1., is composed by a couple of cooper boards inside a plas-
tic package. This package ensures the position stability between boards. The 
boards size is 10 mm x 20 mm, and its separation is 4 mm. 
    B. Prototype tests, linearity and interference
The linearity of the system must be tested before the cell factor calculation. The 
objective of this test is to verify the linearity of the output current against dif-
ferent values of conductivity [1]. For this test we use a commercial conductiv-
ity meter, the GMH3430, and liquid samples of several conductivities that have 
been prepared by mixing natural water and sodium chloride (NaCl).
A Second test has been done to measure the interference between the GMH3430 
and our system. A maximum interference value of 0.5% cannot be exceeded.
    C. Uncertainty calculation of the cell factor K for our device
This is the main point of this paper, because it is the calculation procedure for 
the cell factor of our system and its associated uncertainty. The used equipment 
for this test is:
 - Climatic chamber 
 - Standard thermometer
 - Standard solution with traceability at 25 Celsius degree
 - Prototype of developed conductivity cell

When the standard solution and measurement sensors are stabilized at 25ºC, a 
reading of the output current of the system is measured. In this example, 109 
samples have been taken. The cell factor can be calculated with the equation 
(1) [2].

Due to the fact that it is not possible to stabilize the temperature exactly at 25 ºC 
within the climatic chamber, the correction temperature factor in (1) has been 
included. In the other hand, there is no need for  pressure correction because 
the test has been done at atmospheric pressure.
Once obtained the value of K, its associated uncertainty is calculated with differ-
ent contributions. The main contributions are:

 - Measurements repeatability
 - Error propagation (2)
 - Step variation between top and bottom values
 - Standard solution uncertainty

The cell factor value obtained with this procedure is K = (0,69 ± 0,06) cm-1.

    D. Conductivity calculation and its uncertainty for a liquid solution
To calculate the conductivity of a sample and the uncertainty associated at tem-
peratures different to 25 ° C, equation (3) can be used.  It is expresses the con-
ductivity as a function of temperature [2].

 We use the standard solution because the manufacturer gives the average 
value of conductivity at different temperatures. Using the climatic chamber the 
standard solution is brought to 15 Celsius degree and then a reading of the out-
put current of the system is taken. The uncertainty budget is detail at (4).

CONCLUSION
In this paper we implemented and detailed the calibration method for measure-
ment conductivity systems.  We got an average value and associated uncertain-
ty for conductivity measurements of liquid solutions at 15 Celsius degree.
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Abstract – This paper presents a GPRS node which can collect oceanographic data 
from sensors with RS232 interface. The node consists of a buoy equipped with a 
very low cost electronics to collect, store and send information to a remote server 
via GPRS. Usable oceanographic instrumentation is characterized by using a digital 
communication interface with commands. Node has been designed as a comple-
ment to a wireless sensor network (WSN) for monitoring the hydrodynamic param-
eters of the Mar Menor coastal lagoon, situated in the Southeast of Spain. The need 
for this node is able to cover isolated sampling points which are not reachable by the 
nodes of the WSN deployed.
 
Keywords – buoy, marine environment, wireless sensor network.
 
1. INtrODUCtION
Fig.1 shows the wireless sensor networks necessary for monitoring certain ar-
eas of hydrodynamic interest in the Mar Menor coastal lagoon. The location of 
each sensor node and type is examined and justified in [1].The distribution of 
the sensors, makes it possible to group them according three subnets that use 
zigBee technology based on IEEE 802.15.4. This standard is applicable in situa-
tions that require secure communications, low data rate transmissions and long 
battery life. Figure 1 shows a node (W1) situated far away of the three networks 
deployed. It is 7 km to the nearest node (D4). That node allows monitoring the 
water discharged into the lagoon from the main agricultural water collector of 
the “Campo de Cartagena”. Due to the great distance between it and the other 
nodes, it was decided to communicate the node with the remote data server 
using a GPRS connection. This paper describes the hardware / software architec-
ture of this node (W1), and the structure of the buoy that supports it.

2. NODE ELECtrONIC DESIgN
The core of the GRPS node is the intelligent communications module GE863-
GPS of Telit Communications. This module has the peculiarity of including in 
one device connectivity to the GSM mobile phone network, with GPRS class 10 
data communications. It also includes a GPS receiver (20-channel SIRF-III), a TCP/
IP software stack, a FTP and SMTP client, an embedded interpreter of Python 
language, and non-volatile flash memory to store the developed applications.
The characteristic of data transmission using the GPRS network and the inclusion 
of a TCP/IP protocol stack, allow establishing, on a regular basis, a connection 
between sensor nodes and the data server where is stored and processed the 
information gathered by oceanographic sensors. The use of TCP/IP allows this 
server may be located anywhere in the world, at any distance from the sensors, 

Fig. 1. Deployment of the WSN

Fig. 2. GPRS node and the buoy that supports it

whenever you have a permanent connection to the Internet global network. In 
the same way, the use of the FTP file transfer protocol eliminates the need to 
install special and proprietary software on the server side. As for compatibility 
with GSM networks, the device is quad-band type (850/900/1800/1900 MHz), 
ensuring its use with most GSM operators throughout the world. The Python 
interpreter provides embedded software development and great flexibility to 
add new features or to include support for sensors from other manufacturers. 
System power is provided by a lithium ion battery which is recharged from solar 
cells using a charge control circuit.

The instrumentation to be used with this system must have a RS232 commu-
nications interface with speeds between 300 and 115.200 bps, a communica-
tion protocol through commands, and the ability to work into a state of low 
energy between samples. The duty cycle of the developed application consists 
in sampling the sensor at programmable intervals, storing data in nonvolatile 
flash memory and its subsequent delivery to an FTP server via Internet and GPRS 
access network.
The device remains in a state of low power consumption, to preserve battery 
charge, until it reaches the time set by a timer according to the sampling interval 
required. This causes a software interruption which brings the system to full op-
erational status. At this point, the sensor is ordered to leave their standby mode 
and starts the data sampling. After obtaining these, the node goes back to the 
low consumption mode and starts the record in the GSM network that owns 
the SIM card inserted in the module. If the record is successfully achieved, we 
proceed with the GPRS connection through the appropriate APN. The next step 
is to connect to the global Internet network using TCP/IP and obtaining its own 
IP address. To transmit the data collected provides a bidirectional connection 
to the server resolving the domain name by using DNS and FTP as the transfer 
protocol. If the transfer is successfully completed, the connection is closed and 
the device returns to standby mode until the next cycle. In case of errors, at any 
point in the process, they are stored in a text file and sent on the next successful 
connection or even if it is possible, and the seriousness required, they are sent as 
SMS messages to a mobile terminal. Each cycle, the software monitorize the sys-
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Abstract: This paper describes the deployment and first results of an acoustically-
linked multidisciplinary observing system at the Lucky Strike vent field, with satellite 
connection to shore.

Keyword : hydrothermal vents, deep sea observatory, Mid Atlantic Ridge

INtrODUCtION
Hydrothermal circulation at mid-ocean ridges is a fundamental process that 
impacts the transfer of energy and matter from the interior of the Earth to the 
crust, hydrosphere and biosphere. The unique faunal communities that develop 
near these vents are sustained by chemosynthetic micro-organisms that use the 
hot fluid chemicals as a source of energy. Environmental instability resulting 
from active mid-ocean ridge processes create changes in the flux, composition 
and temperature of emitted vent fluids and influence the associated hydrother-
mal communities. 
The MoMAR (which stands for Monitoring the Mid-Atlantic Ridge) project was 
initiated 10 years ago by the InterRidge Program to promote and coordinate 
long-term multidisciplinary monitoring of hydrothermal vents at MAR. It aims 
at studying vent environmental dynamics from geophysics to microbiology. 
More recently, the MoMAR area has been chosen as one of the 11 key sites of 
the European project ESONET NoE. MoMAR-D was selected as a demonstration 
mission to deploy and manage a deep sea observatory at Lucky Strike for one 
year. Monitoring this large hydrothermal field, located in the centre of one of 
the most volcanically active segment of the MAR, will offer a high probability of 
capturing evidence for volcanic events, observing interactions between fault-
ing, magmatism; hydrothermal circulation and, evaluating their impact on the 
ecosystem. 

DEPLOYMENt
The observatory infrastructure is composed of two Sea Monitoring Nodes 
(SEAMON) acoustically linked to a surface relay buoy (BOREL, Fig. 1), ensur-
ing satellite communication to the land base station in Brest (France). The 
entire system was deployed during the MoMARSAT cruise (The Pourquoi Pas 
? /Victor6000, http://www.ifremer.fr/momarsat2010/) in October 2010. A first 
SEAMON node, dedicated to large scale geophysical studies, was moored in the 
centre of the large lava lake present in the Lucky Strike vent field. This node 

hosts an Ocean Bottom Sismometer (OBS) and a permanent pressure gauge 
(JPP) that were connected underwater using wet matable connectors (Fig.2). A 
second node was deployed at the base of the Tour Eiffel active edifice to study 
the links between faunal dynamics and variations of physico-chemical factors. 
This node is composed of a High Definition (HD) video camera, 6 LED lights, 
an Aanderaa optode (oxygen, temperature) and two in situ chemical analysers. 
These two nodes communicate via underwater acoustics to a BOREL buoy that 
is moored on the ocean surface within acoustic range of the SEAMON stations. 
This buoy is equipped with two identical and back up data transmission chan-
nels to ensure uninterrupted data flow. Scientific and technical data (including a 
low-resolution photo) are transmitted daily to the data centre in Brest. Autono-
mous instruments (OBS, ocean bottom tiltmeter, current meters, particle trap, 
colonisation experiments and temperature probes) were also deployed in the 
LS vent field. They will store their data for the whole duration of the experiment 
(1 year). 

rESULtS
Treatment of data sets will be conducted in two stages: in near real time for 
the subset that is transmitted through the SEAMON system; and after the 12 
months for the whole data set. The near real time data will serve both as sup-
port for scientific interpretation, and as an indicator that an event is occurring. 
Volcanic (eruption, underground diking event, or rapid degassing of the magma 
chamber), tectonic (displacement along axial faults), or hydrothermal events are 
all expected to occur on the MAR. Understanding the impact of these events on 
biological communities is one of our key objectives. The data can be viewed on-
line, according to ESONET data policy and European directives (now, temporary 
access through http://www.ifremer.fr/WC2en/allEulerianNetworks). The system 
should be recovered in summer 2011 after 12 months on the bottom.
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tem global position using the integrated GPS receiver. This position is compared 
to a reference stored in the buoy deployment moment.  If significant changes 
are detected, it is interpreted as an unwanted displacement due to a broken 
anchor or sabotage. In this case, an alarm is released by sending SMS messages 
with current position.

3. BUOY DESIgNED
As important as the electronic development is the design of the mechanical 
structure of the buoy. The deployment of a WSN in the marine environment in-
volves more difficulties than on land and therefore the importance of ad-hoc 
design to deployment characteristics [2]. Moreover it must be considered sev-
eral requirements, some of these are the visibility for sea traffic, the use of the 
eco-material, stable behavior in adverse atmospheric conditions, low cost, light-
weight, electronics housing free of the condensation phenomenon and design 
watertight packages. Other important factor is the mooring system to maintain 
horizontal the buoy and to prevent twists. 

Fig. 2 shows the buoy designed. It is a vertical structure which includes the dif-
ferent components required [2]. The communication antenna (9), the beacon 
light (8), the electronic mote and battery housing (10) and solar panels (11) are 
situated on top of the buoy. There is a float (1) on middle of the tube (2) and a 
counterweight (3) on bottom of the structure to provide stability to the buoy. 
Moreover, an anchor (4)(5) is situated on bottom of the sea to avoid displace-
ment of the buoy location. Finally, oceanographic sensors (6)(7), on bottom of 
the sea, are connected with the electronic equipment (mote) on top of the buoy.
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Fig.1: The Borel buoy was moored North of the lava lake. © Ifremer MoMAR-
SAT2010

Fig. 2 Seamon East was deployed on the lava lake, © Ifremer MoMARSAT2010
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HYdROdYNAMIC MOdEl, SIMUlATION ANd
lINEAR CONTROl FOR CORMORAN-AUV

Abstract—this work shows the mathematic calculation for obtention of a Cormo-
ran-AUV hydrodynamic model, it also shows a linar control design for a path track-
ing. The model has been simplified to three degrees of freedom of movement and 
the whole system has been simulated using Matlab Simulink Software. The system 
has been linearizated for different velocities to design a linear control for each one 
of them. However, all resulting systems can be controlled by a unique linear con-
trol due characteristics of the vehicle. The designed control is a PD controller, which 
avoids the position error since the pole of the vehicle model is at the origin. Different 
paths have been simulated using this control and their results have been compa-
rated in both rising time as establish time.

Keywords—Hydrodynamic model, linear control, autonomous underwater vehicle.

I. INtrODUCtION
Cormoran (see figure 1) is a low cost oceanic observation vehicle, hybrid be-
tween AUV (Autonomous Underwater Vehicles) and ASV (Autonomous Surface 
Vehicles), which has been built in Mediterranean Institute of Advanced Studies 
(IMEDEA) of Mallorca (Spain) by the oceanographic group, in colaboration with 
the University of the Balearic Islands.
The principle of movement is based on the navigation over the marine surface 
where the vehicle follows a predetermined path in the mission. The path is de-
fined by a series of waypoints, in which the vehicle stops and dives vertically to 
obtain a profile of a water column. Subsequently, the vehicle rises to the surface 
and transmits the most relevant data (temperature, salinity, depth and global 
position using GPS) through GSM messages. After sending this data, the vehicle 
continues to the next waypoint defined by the mission [1].

II. 3 DOf HYDrODINAMIC MODEL Of tHE VEHICLE
Due to the movement described before, heave, roll and pitch are not taken into 
consideration. Therefore the characterization of the vehicle can be achieved 
through a three degrees of freedom that include the advance ( x ), the lateral 
displacement ( y ) and yaw angle (y ) [2].

A. Vehicle dynamics
Once the general model of marine vehicles is simplified, we obtain 3 equations 

shown in (1), (2) and (3), which are functions of speed, mass, vehicles’ propulsion 
and a set of hydrodynamic coefficients.

Fig. 1. Cormoran-AUV.



Instrumentation Viewpoint/11/ MARTECH11 36

To simulate these equations in Simulink software of matlab is necessary taken 
to consideration that no algebraic loops are present. This requires re-express 
equations (1), (2) and (3) in order for them to be solved for the velocity vector n . 
Figure 2 shows the final expression in Simulink environment.

III. LINEArIzAtION Of tHE SYStEM
First of all, It is necessary to obtain a system linearization in order to design a lin-
ear control system [3]. The model is linearized around the speed, assuming that 
the forward speed u is constant and v and r speeds are smaller compared to the
forward speed, several velocities were used to linearize the system. Similar ap-
proaches are made in works on the Remus vehicle [4], as well as the AUV- Infante 
[5]. Applying Taylor series approximations [6], linear vehicle model is achieved, 
expressed in matrix form (4). In this model, the propulsion engine Xprop and rud-
der angle d are considered inputs to the system.

IV. CONtrOL DESIgN
A controller must be developed to track a predefined path. The controller must 
lead the nonlinear system to a desired dynamic. This dynamic is defined in (5), 
which specifies the maximum overshoot and settling time desired.

A. PD controller
Since the linearized model with yaw as output has a pole in the origin, PD con-
troller is enough to eliminate the position error and achieve the desired dynam-
ic area. For example, the equation (6) shows the design of the PD controller for 
constant velocity of 0.3m/s. 

GC (s) = 22.25(s + 5.44)       (6)

Eventhough PD controllers were calculated for different velocities, only one is 
needed to move the poles of all systems to the target zone, speccifically, the 
control designed for the smallest velocity, 0.3 m/s.

rESULtS
A unique linear controller has been applied to the vehicle as it is described 
above. Figure 3 shows the S-plane representation of the system’s poles in closed 
loop for linearizations for different velocities ranging between 0.3m/s and 
0.6m/s. When increasing speed, the poles become more stables and with less 
imaginary part. Poles at smallest velocity are the poles on the boundary of the 
target zone.
Figure 4 shows the step response with the yaw as output for two forward ve-
locities: 0.3m/s and 3.3m/s. It also shows a better performance at high velocities, 
where the overshoot and settling time are lower than in low velocity. In both 

Figure 3. closed loop poles applying PD controller

Fig. 2. Simulink implementation

Figure 4. Step response using PD controller in the non-linear model

Figure 5. Path tracking using waypoints.

velocities, the position error has been eliminated. Figure 5 shows the misfit of 
the vehicle in the Xy plane because an implicit control of the yaw angle over 
time is used.

CONCLUSIONS
This paper presented a nonlinear model of the Cormoran vehicle using three de-
grees of freedom. The model has been linearized at different velocities to anal-
yse their behavior. In order to develop a path tracking, a PD controller has been
designed to control all the system. It showed that is possible to define a desired 
dynamic area in the S-plane for the systems’ poles, where the position error is 
eliminated. Also, the results showed that as speed increases better performance
in the desired dinamic is achieved. For this reason a unique PD controller is 
enough to control the vehicle.
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Abstract
Four sets of measurements performed between 2005 and 2010 in the deep central 
Atlantic, and in deep Mediterranean Sea, and the Arctic Ocean revealed a strange 
performance of Aanderaa Optode 3830 sensors mounted on RCM11 current meters 
in low current regimes (current speeds > 10 cm s- 1) .
All oxygen data sets collected during these deployments showed significant drops 
of oxygen (of the order of 50-100 μmol/l) affecting the Optode data stability in low 
hydrodynamic conditions (fig.1). High correlations between all acquired parameters 
(i.e. temperature, turbidity, speed and direction of currents) allowed verifying that 
no unusual event perturbed the mooring areas during the periods of acquisition, 
although natural events responsible of so abrupt, short and intense oxygen varia-
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ANOMAlIES OF OxYgEN MEASUREMENTS PERFORMEd WITH
AANdERAA OPTOdES

tions can’t be easily found.
Despite the well-known performance of the Aanderaa Optodes, these experiences 
suggested that the data acquired by optodes installed on RCM11s could not be al-
ways reliable, especially in low energy systems (typical for the deep ocean) and that 
current speeds should always be considered in order to verify the reliability of the 
data recorded. 
A series of test in controlled water condition was performed in order to better un-
derstand eventual sensor dependence on speed current variations and to evaluate 
sensor stability in quasi-stationary water.

Keywords: Oxygen, Optode, deep-sea, current meter, long-term measurement

Fig.1: Example of data affected by unexpected oxygen drops. The series, 219 days long, was acquired during the DEEP experiment in the 
Gulf of Lion. The measurements was collected by RCM11+ Optode 3880 moored at 2256 m depth.
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NAIVE bAYES ClASSIFIER FOR AUTOMATIC ANAlYSIS OF bElU-
gA WHAlE SONgS

Abstract - Very little is known about the way cetaceans and particularly beluga 
whales communicate. However as scientists and biologists investigate it is observed 
the extraordinary adaptation of the cetacean communication system to the under-
water medium and the surprising communication skills. The ultrasonic sound emit-
ted by beluga whales can be identified in what some scientists call vocalizations and 
related to animal behavior. The signal processing group GTS (iTEAM) of the Univer-
sitat Polit`ecnica de Val`encia alongside with the Oceanogr`afic have developed an 
automatic system for continuously monitoring beluga whale sounds. This system is 
intended to establish new behaviour patterns and help biologists to obtain a better 
understanding of beluga whales. The present work is devoted to the comparison of 
the different Naive Bayes classifiers into the
automatic monitoring system.

Keywords: Statistical signal processing, Signal detection and classification, Bioacus-
tics.

1. INtrODUCtION
Previous studies have shown that the analysis of the beluga vocalizations pat-
terns is a good tool to evaluate their communication and welfare state [1]. The 
correlation obtained between vocalizations and behaviors show up that their 
vocalizations are strongly influenced by external stimulus. The first impression 
when beluga vocalizations are heard for the first time is that there are an endless 
variety of sounds. Nevertheless, time-frequency analysis shows that there are 
a limited number of patterns and they are repeated. The researchers from the 
Signal Processing Group (iTEAM) trained an automatic algorithm, after having 
worked with large amount of data picked up from long time periods of direct 
visualization. The classification system is based on statistical analysis from the 
acoustic signal received by the hydrophone [2]. The developed system was ap-
propriated for designing experiments that help to understand a bit more the
beluga behavior. 
This paper is focused on analyzing the best vocalization classifier for the system. 
In order to do that, a comparative among Naive Bayes distributions (Gaussian, 
Kernel, Multinomial and Multivariate multinomial) is presented.

2. BELUgA WHALE SOUNDS AND tHEIr rELAtION tO ANIMAL BEHAVIOr
Studies of the vocalizations emitted by the Oceanogr`afic beluga whales (Kairo 
and yulka) have allowed scientists to obtain a large collection of sounds. These 
studies started in 2003 when both whales arrived at the installations of the Ciu-
dad de las Artes y las Ciencias from the Mar del Plata, in Argentina. A compari-
son between vocalizations rate and animal welfare was done. This comparative 
study demonstrated that during stress periods (such as those produced by air 
transport to new facilities or beluga pregnancy) acoustic activity decreased sig-
nificantly [1]. Additionally, a set of classification categories for beluga sounds 
was created. All this work was done manually listening one by one a large num-
ber of records and analyzing with the aid of the spectrogram how the energy 
was distributed in time and frequency. This process is tedious and time consum-
ing and can not be maintained 24 hours a day. Instead of continuous inspection,
researchers analyze only a few minutes a day of the recordings. Recently, the 
Instituto de Telecomunicacion y Aplicaciones Multimedia (iTEAM) has begun to 
collaborate with the Oceanogr`afic researchers to employ automatic classifiers
which allow a continuous examination of the emitted sounds.
We pretend to use a simple classification scheme that will help to establish rela-
tionships among sounds and behaviors. The quantity of vocalizations produced 
by belugas, or cetacean in general, reaches an extensive number of data with 
complex and rapidly repeated clicks [3]. In order to create a simple set of cat-
egories all the vocalizations will be classified in three groups: tonal, pulsed and 
Jawclap sounds. In this study the echolocation clicks are not taken into account
and they have been manually removed from the recordings. Echolocation is 
broadly studied in many species and seems to be used by the animals as a bio-
logical sonar instead of having communicative purposes.
Tonal sounds are characterized by narrow bandwidth squeals and whistles, 
giving out a very concrete component clearly detected in frequency. Differ-

ences such as the number of frequencies during the same period of time can be 
found. When belugas produce more than one frequency simultaneity is called 
multitonal vocalization in contrast when an isolated frequency component is 
detected, called as a simple tonal one. In most cases tonal sounds seem to have 
communicative nature.
Pulsed sounds look like short broadband clicks (see figure 1). These kind of vo-
calization can be related to communicative or aggressive behaviour. A differ-
ent kind of pulsed sound is the Jawclap. The mechanisms that beluga whales 
use to generate this sound is completely different to the mechanism employed 
to generate other pulsed sounds. Due to the aggressive meaning associated 
to this sounds a specific category has been created. zookeepers and biologists 
from Oceanogr`afic were fundamental in the development of this classification 
scheme. 
In addition to single vocalization it is frequently found combinations of two or 
more individual vocalizations. These combinations are usually associated with 
special situations and specific stimulus which make difficult to distinguish one 
category or another. This kind of signals, that will be re ferred in this work as 
mixed signals, are composed of various vocalizations concatenated or over-
lapped in time. The classification algorithm must consider this extraordinary 
capability of belugas. The mixed signal can be composed of a tonal-pulsed mix 
or a pulsed-jawclap mix. An example of this flexibility to produce sounds is illus-
trated in the figure 1 where the combination of a pulsed and a jawclap are really
close in time.

Fig. 1: Spectrogram of beluga whale vocalizations showing two alternated 
pulsed vocalizations (blue square) and Jawclaps (red square)

3. BrIEf DESCrIPtION Of tHE AUtOMAtIC CLASSIfIEr Of BELUgA WHALE 
SOUNDS 
The recorded vocalizations were provided by the Oceanografic biologists. 
Sounds were acquired in the Oceanografic facilities using a single hydrophone, 
an acquisition card and a computer. For this preliminary study an Excel table 
with the relative time when each vocalization started. Their duration and the 
manual classification was also supplied.
The classification has been done using MATLAB and the MATLAB Statistic tool-
box. This work has been focused on comparing for this specific application a set 
of Naive Bayes classifiers and choosing the most appropriated. A Naive Bayes 
classifier is a probabilistic classifier based on Bayesian statistics with strong inde-
pendence assumptions. It classifies data in two steps; firstly, using the training 
samples estimates the parameters of a probability distribution and secondly, it 
predicts the probability of that sample belonging to each class. The class-condi-
tional independence assumption simplifies the training step. It allows a better 
estimate of the Naive Bayes parameters required for accurate classification, and 
uses less training data than other classifiers.
All the steps and decisions involved in sampling data affect the pattern, so the 
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choice of the distinguishing features is a critical step to design [4]. In order to 
improve the accuracy of classification, it is essential to choose the features that
can capture the temporal and spectral characteristics of signals. After several 
empirically combinations, table 1 shows the features chosen: features 1-9 are 
frequency parameters related to resonances, bandwidths and power spectral 
amplitudes. Features 10-13 give statistical information related to higher order 
moments of the vocalization [5]. Feature 18 is inspired in the human voice pa-
rameters obtained in LPC (vocoder) models [6]. This parameter gives informa-
tion of the residual prediction error. Finally features 14-17 give higher order sta-
tistical information of the residual prediction error (feature 18).

NUMBErtS fEAtUrES

1 Fundamental frequency f0

2 Q-Factor of f0 = Df0= f0

3 Power Spectral Density at frequency fo Sx( f0)

4 Fundamental frequency f1

5 Q-Factor of f1 = Df1= f1

6 Power Spectral Density of frequency Sx( f1)

7 Fundamental frequency f2

8 Q-Factor of f2 = Df0= f2

9 Power Spectral Density of frequency Sx( f2)

10 “Skewness” of the vocalization (as described in [5])

11 “Kurtosis” of the vocalization (as described in [5])

12 Autocovariance test of the vocalization (as described in [5])

13 Temporal reversibility of the vocalization (as described in [5])

14 “Skewness” of the sonority signal

15 “Kurtosis” of the sonority signal

16 Autocovariance test of the sonority signal

17 Temporal reversibility of the sonority signal

18 Sonority signal (as described in [6])

Table 1: Brief description of the features vector employed in the
automatic classifier.

    - An objective criterion to minimize all the possible characteristics of the sub-
sets.
     - A sequential searching algorithm which adds or eliminates the character-
istics subsets when the criterion is evaluated. This sequential searching allows 
testing feature to feature, using the called Sequential Forward Selection (SFS) 
[7].
The classification set was composed of 313 vocalizations where the most repre-
sentative 50 were chosen for the training set. During the training phase a cat-
egory label or cost for matching the pattern was provided. It was seek to reduce 
the sum of the costs for the pattern (tonal, pulsed and jawclap sounds). Figure 
2 evaluates the error when classifying Gaussian, Kernel, Multinomial and Multi-
variate multinomial density functions as the number of features is increased. In 
addition to these classifiers (based on Naive Bayes), two discriminant analysis 
classifiers were also compared because of their covariance matrices similarities 
with Naive Bayes (diaglinear an diagquadratic). A brief outline of the compared 
distributions are:
     - The ’normal’ distribution is appropriate for features that have normal distri-
butions in each class. For each feature you model with a normal distribution, the 
Naive Bayes classifier estimates a separate normal distribution for each class by 
computing the mean and standard deviation of the training data in that class.
    -  The ’kernel’ distribution is appropriate for features that have a continuous 
distribution. It does not require a strong assumption such as a normal distri-
bution and you can use it in cases where the distribution of a feature may be 
skewed or have multiple peaks or modes. It requires more computing time and 
more memory than the normal distribution. For each feature you model with a 
kernel distribution, the Naive Bayes classifier computes a separate kernel den-
sity estimate for each class based on the training data for that class.
    -  The multinomial distribution is appropriate when all features represent 
counts of a set of words or tokens. The classifier counts the set of relative token 
probabilities separately for each class. The classifier defines the multinomial dis-
tribution for each row by the vector of probabilities for the corresponding class.
    - The multivariate multinomial distribution is appropriate for categorical fea-
tures. For each feature you model with a multivariate multinomial distribution, 
the Naive Bayes classifier computes a separate set of probabilities for the set of 
feature levels for each class.
For each one, the optimal ordination to minimize the training error was solved 
(see table 2). The best classifier during the training set was the one based on 
Naive Bayes with Multivariate multinomial configuration. It achieved less than 
1% error with just only for features (1, 4, 3 and 6). The “Kernel” distribution was 
the second best distribution which uses 11 features to get less than 5% error. 
The others classifiers have similar behavior with up to 20% error, being the Mul-
tinomial distribution the worst classifier during the training set.
It is important to emphasize that the errors obtained in the training test in table 
2 will be lower than the errors that will be later obtained in the test set (next 
section).

5. rESULtS
In order to check the classifier efficiency, results were compared on a different 
vocalization set processed and manually classified by the Oceanogr`afic biolo-

Fig. 2: Comparative among the different 
classifiers distributions and the number of 
features used for their evaluation.

4. COMPArAtION AMONg CLASSIfIErS DIStrIBUtIONS
In order to optimize the performance of the classifier, all the characteristics 
were tested by a training set. The objective was reducing the eighteen features 
shown in table 1. The algorithm of sequential selection was created for selecting
and ordering the most representative characteristics for each distribution [7]. 
The results are shown in table 2. The steps were followed by:
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gists. This set was tested for all the classifiers and the results are shown in table 3.
The table presents the classification rate for all Bayes classifiers for the optimal 
number of features and for the whole set of eighteen features. It also shows the 
percentage number of vocalizations that are not classified (missing rate). When
the order and the number of features is optimum, the classification rate will be 
the best. Table 3 shows also that if mixed signals are not considered classification 

percentages increase for all classifiers excepting the Naive Bayes Multivariate
Multinomial. Naive Bayes Multivariate Multinomial classifier reaches a 98.7% of 
classification rate, but it has a 30% missing rate (vocalizations that was not able 
to assign to any category). It shows up that if it does not have a clear decision 
about each vocalization, it will not classify the signal. In spite of when the classi-
fier does it, the algorithm classifies successfully. In addition, this classifier has the 
distinction to obtain the same classification rate when it uses all the eighteen 
features or when it uses the optimum order number of features. This is because 
the features added do not cause any confusion, unlike the other classifiers do. 
The Naive Bayes kernel classifier using the optimum order and number of fea-
tures without mixed signals obtains the best results, specifically a 89.2% clas-
sification rate and just a 0.2% missed signals. On the other hand, the classifier 
Naive Bayes Multinomial has the worst classification rate (66.6%), but the Gauss-
ian obtains a good one (81.8%). Either of them do not have missed signals. The 
percentages for the diaglinear and diagquatratic classifiers (not shown in table 
3) are quite similar to those given for the Naive Bayes Gaussian distribution.

6. CONCLUSIONS AND fUtUrE WOrk
The study presented here showed that the best classifier for the system was the 
Naive Bayes following a kernel distribution with the optimum number of fea-
tures. The percentages achieved for this classifier for the whole set of vocaliza-
tions (including consecutive and partially overlapped vocalizations) was 84% 
of detection probability with just 1.7% of vocalizations that the algorithm was 
not able to classify. This study has shown that it is possible to create a real time
classifier to analyze beluga sounds the 24 hours a day.
The percentages achieved are quiet good, but they could be improved if a more 
precise classifier that could take into account the mixed vocalizations was em-
ployed. It has to be known that the number of mixed vocalizations is not negligi-
ble. In fact, in the vocalizations files we have analyzed approximately the 20-25% 
of vocalizations were marked by the biologists as mixed vocalizations. In order 
to get this goal the authors propose as future lines:
     - Pyramidal analysis in time and fusion of the different classifiers to decide 
whether it is a single vocalization or a mixed one.
    - Combining a low resolution classifier based on spectrogram correlation with 
the proposed Naive Bayes classifier. 
Increasing the number of categories will be done as a more precise beluga be-
havior knowledge is achieved. Open sea tests of the proposed algorithm for 
different species (dolphins) and the possibility of integrating the proposed al-
gorithm in underwater buoys is also planned.
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Clasificator Sorted Significative Features Opt. # Error

Diaglinear 6,15,2,10,5,17,12,7,9,14,11,1,4,16,18,3,8,13 10 21.43

D i a g q u a -
dratic

9,15,3,10,2,18,11,7,1,17,14,16,4,13,8,5,16,
12

11 20.77

N.B.
Gaussian

1,15,6,11,8,17,9,14,18,10,2,7,3,4,13,5,16,12 11 19.49

N.B. Kernel 12,16,6,2,10,13,7,15,1,4,18,8,17,3,11,14,9,5 11 5.11

N.B. Multino-
mial

9,15,6,3,10,12,16,18,13,1,14,17,4,7,11,2,8,5 12 26.52

N.B. Multivari-
ate
Multinomial

1,4,3,6,7,8,5,9,10,11,12,13,14,2,15,16,17,18 3 0.96

Table 2: Optimal number of features and most significative features
sorted from more to less significance (N.B.=Naive Bayes).
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Naive Bayes Mutivariate multinomial Distribution

Optimal features All features

All Signals No mixed sign All Signals No mixed sign

Noise 100% 100% 100% 100%

Tonal 97.3.% 97.3.% 97.3.% 97.3.%

Pulsed 100% 100% 100% 100%

Jawclap 100% 100% 100% 100%

No classification 40.1% 30.0% 40.1% 30.0%

Total 98.7% 98.7% 98.7% 98.7%

Naive Bayes kernel Distribution

Optimal features All features

All Signals No mixed sign All Signals No mixed sign

Noise 96.2% 96.2% 97.1% 97.1%

Tonal 85.4.% 89.1.% 78.4.% 80.7.%

Pulsed 66.0% 74.7% 67.0% 76.3%

Jawclap 63.9% 83.3% 71.4% 97.1%

No classification 1.7%  0.2% 2.1% 0.2%

Total 84.2%  89.2%  82.1% 86.7%

Naive Bayes gaussian Distribution

Optimal features All features

All Signals No mixed sign All Signals No mixed sign

Noise 91.3% 91.8%  93.1% 93.6%

Tonal 71.2%  76.4% 76.0% 84.2%

Pulsed 60.5% 69.2%  59.3% 67.5%

Jawclap 50.3% 60.0%  37.0% 32.1%

No classification 0.0% 0.0% 0.0% 0.0%

Total 77.0% 81.8% 74.3% 79.4%

Naive Bayes Multinomial Distribution

Optimal features All features

All Signals No mixed sign All Signals No mixed sign

Noise 69.1% 75.2% 69.6% 73.6%

Tonal 58.8% 60.4%  56.6% 53.6%

Pulsed 32.1% 40.5% 31.5% 37.1%

Jawclap 31.3% 50.0% 66.7% 83.3%

No classification 0.0% 0.0% 0.0% 0.0%

Total 60.5% 66.6% 58.6% 62.6%

Table 3: Comparative distribution percentages among different distributions.
(Up-Down) N.B. multivariate multinomial, N.B. kernel,
N.B. Gaussian and N.B. multinomial
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Abstract - Recent advances in underwater technology and robotics open the pos-
sibility for intervention field operations to be carried out with AUVs. Possible appli-
cations include wreck rescue, marine science, offshore maintenance and any task 
needing manipulation skills. In this context, RAUVI is a three years research project 
funded by the Spanish Government whose objective is to develop and validate a 
generic methodology for autonomously performing multipurpose intervention mis-
sions in underwater environments. RAUVI was split in three subprojects leaded by 
the Universitat Jaume I de Castelló (UJI), Universitat de Girona (UdG) and Universitat 
de les Illes Balears (UIB), respectively. This manuscript describes part of the activity 
developed by the UIB subproject, responsible for the vision-based methods provid-
ing information to the whole system. Specifically, the target recognition methods 
developed to carry out the project second-year demonstration are exposed. Due 
to the specific characteristics of the experiments designed, the methods developed 
take advantage of the colour information to detect the object to be manipulated. 
The frame of the project is introduced, the specific vision methods are described and 
some results are presented.

Keywords - Intervention AUV, Colour-based object recognition.

1. INtrODUCtION
Autonomous Underwater Vehicles (AUV) is a State-of-the-Art technology for 
survey tasks. Besides, operations requiring manipulation skills, very common in 
the offshore industry, the marine science or in rescue missions, are tradition-
ally carried out by divers, manned submersibles or Remotely Operated Vehicles 
(ROV). Attempts to develop AUVs with intervention capabilities (I-AUV) started 
in the mid 90’s and resulted on pioneering prototypes, mainly conceived as re-
search test beds, like ODIN from the University of Hawaii or VORTEX/PA10 con-
ceived in the context of the UNION European. More recently, ALIVE has been 
designed for panel intervention in the oil industry and SAUVIM is oriented to 
seabed object recovery. RAUVI (Reconfigurable AUV for Intervention) is a re-
search project started in 2009 and granted by the Spanish Government. The 
main goal of RAUVI is to develop and validate a generic methodology, and its 
necessary technologies, to autonomously perform multipurpose underwater 
light intervention missions. To that end a generic methodology has been pro-
posed in which the missions are split in two phases: first, the survey, where the 
vehicle explores the region of interest gathering visual and acoustic data of the 
region of intervention, synchronized with robot navigation; second, the inter-
vention, where the robot goes back to a specific area of the surveyed region, 
identifies the target and performs the intervention task. Among these phases, 
the vehicle surfaces and downloads all the collected data, which are interpreted 
by a human operator helped by a specialized interface to determine the local-
ization of the target and plan the manoeuvring details of the second phase.
RAUVI has been structured in three main areas, the vehicle, its control and navi-
gation; the arm and its operation and the optical and acoustic perception ser-
vices, which are under the responsibility of the UJI, the UdG and the UIB, respec-
tively. The second year experiments, held at the Underwater Robotics Research 
Center (CIRS) in Girona, in March 2011, consisted in a Flight Data Recorder (FDR) 
recovery mission. A detailed description of RAUVI and a report of the whole ex-
periment is out of the reach of this paper and can be found in [1] and [2]. Thus, 
here the attention is focused on the object recognition methods specifically de-
veloped to carry out the demonstration above-mentioned.

2. tArgEt DEtECtION
Generally speaking, visual object detection is split into two phases: A training 
phase in which a model of the object of interest is built from labelled images, 
and a detection phase where the trained model is applied to new images to 
determine the presence and location of the object of interest. Due to unpredict-
able underwater conditions, the appearance of the target of intervention can-
not be known beforehand. Therefore, only the data gathered during the survey 
phase can be used to describe the target. The input data for the developed al-
gorithm consists of one image, or a set of images, where the target is visible. On 
this image, the operator can determine the object of interest outlining it with a 

polygon, as shown in Figure 1.

Using this data, a colour and shape model of the target is computed. A histo-
gram of the Hue and Saturation channels of the HSV colour space is used to 
describe the colours of the labelled target. Choosing the HSV colour space and 
leaving out the V-channel makes the model invariant to brightness changes. As 
the scene is assumed to be static, a histogram of the background colours can 
also be computed and used to filter the target colour histogram, highly reduc-
ing false detection. This process results in a histogram containing only those 
colours that are significant for the target in the current scene. This histogram 
forms the colour model of the target. Moreover, the shape of the biggest area 
having these colours is stored as the shape model of the target. Figure 2 shows 
the colour and shape models for the FDR shown in figure 1.

Fig. 1. Image taken by the AUV during the survey phase, labelled to train the 
system.

Fig. 1. The model of the target consists in a histogram of significant colours 
(left) and a shape (right).

For the detection of the target in the intervention phase, the histogram of sig-
nificant colours of the target is back projected on the current camera image. 
This marks each pixel with its probability belonging to the target. After applying 
a threshold to this probability image we can extract the contours of the found 
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shapes and compare them to the shape model we obtained in the training 
phase. The comparison is done in two steps. First the position and size of the 
candidate shape is normalized to fit the shape stored in our model. Then the 
candidate shape is rotated and the areas of intersection and union of the two 
shapes are computed. The ratio of intersection and union is used as measure for 
the quality of the match. The shape matching procedure returns the rotation 
with the highest score together with the position and scale parameters used for 
normalization. If all parameters lie in reasonable ranges and the shape matching 
score is greater than a given threshold the system reports the detection of the 
target, as shown in Figure 3. If the size of the object of interest is known and the 
camera is calibrated in relation to the robot arm, the information the presented 
algorithm provides suffices to perform an autonomous grabbing procedure.

3. CONCLUSION
A simple but efficient procedure for target detection is described that has been 
used to demonstrate the viability of a new Intervention AUV developed in the 
RAUVI project. Preliminary testing has been performed in a realistic but simpli-
fied scenario. In the near future, new experiments will be carried out in open sea 
conditions. Thus, more robust and reliable methods including texture and 3D 
information are under development.
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Fig. 3. Detection result. The target’s position, orientation and scale are esti-
mated.

Underwater life
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Abstract –. The Operational Observatory of the Catalan Sea (OOCS), created in 2009 
at CEAB-CSIC may be considered as a reference marine observatory because of its 
effectiveness and relatively low-cost functioning and maintenance. The number 
of time series obtained at the observation station of the meteorological conditions 
above the sea surface, along with physical and biogeochemical properties of the 
water layer over the continental shelf, supports its success. The strong fluctuations 
of atmospheric conditions registered in the last years altering the marine condi-
tions make the simultaneous records of meteorological and marine observations 
essential for understanding present environmental fluctuations and for improving 
marine environmental predictions. Updated information regarding the observatory 
can be found at http://www.ceab.csic.es/~oceans/.

Keywords –. Marine observatory, operational oceanography, numerical modelling, 
ocean forecast, NW Mediterranean Sea.

1. INtrODUCtION
The Operational Observatory of the Catalan Sea started its activities in 2009 
sponsored by a research project entitled “Observations, Analysis and Model-
ling of the Mediterranean Sea” (OAMMS), coordinated by A. Cruzado at Centre 
d’Estudis Avançats (CEAB-CSIC) and granted by the Spanish Ministry of Science 
and Innovation. The observing system consists of several components from ob-
servations to ecological modelling of the conditions in the Catalan Sea [1, 2]. 
An oceanographic buoy is moored at a permanent observation station in the 
Blanes canyon head. The buoy holds a number of meteorological and oceano-
graphic sensors with data transmitted to a land station through data phone calls 
and published on near-real time in a dedicated web site (http://www.ceab.csic.
es/~oceans/).  
2. ACHIEVEMENtS
During roughly two years of activity of the observatory, several goals has been 
achieved and several activities remain in progress. 

2.1 Observations
   - Since Sep 2009, the underwater instrumentation provides 30-minutes inter-
val data at surface, 25 and 50 m depth of chlorophylls, dissolved oxygen (DO), 
photosynthetic available radiation (PAR), turbidity, water temperature and salin-
ity, and current velocity and direction. Atmospheric data at 2 m above the sea 
surface are PAR, air temperature, atmospheric pressure, wind velocity and direc-
tion, geographical coordinates. 
   - Since March 2009, regular cruises provide CTD and bottle data for chloro-
phylls, DO, inorganic nutrients, PAR, turbidity, and water temperature and salini-
ty of the upper 200 m depth. Samples for picoplantkon are taken since Feb 2010.
    - SST and chlorophylls satellite images (AQUA-MODIS), as well as sea surface 
salinity (SSS) and wind stress in the study area have been processed in order to 
investigate for signals of atypical winter conditions [3, 4]. 
    - Historical oceanographic cruises performed in Western Mediterranean are 
available to public through the NOAA website http://www.nodc.noaa.gov/cgi-
bin/search/prod/accessionsView.pl/details/44830
    - A standard Operation Procedure was implemented for all the activities re-
lated to the observatory. 
  
2.2 Ecological Modelling
    - A 3D model coupling the hydrodynamic and biogeochemical conditions of 
the Western Mediterranean Sea was implemented [4] with 1/20 degree horizon-
tal resolution and 52 sigma-layers. 
    - A high space resolution 3D model simulating the conditions of the Blanes 
canyon head is under development [5]. The model is based on OPA (General 
MFS model with 1/16° resolution), nested into a regional POM with a 1/20° reso-
lution and a coastal POM with 1/60° resolution.
    -A one-dimensional vertically-resolved model simulating the hydrographic 
conditions of the observation station was implemented based on an earlier 
model [6]. 

2.3 Collaborative Actions
    - The European Space Agency approved a proposal to perform validation/
calibration activities of salinity data from the satellite SMOS. 
    - The OOCS is currently a part of the consortium MOON: Mediterranean Opera-
tional Oceanography Network.
    - Comparison of microbiological characteristics in the observation station 
against coastal waters is being carried out in collaboration with members of the 
Institute of Marine Science (ICM-CSIC) members.
    - Assessment of effective light transferring to primary and secondary produc-
ers is carried out in collaboration with ICM members.
    - Review of cabled marine observatories activities has been performed to-
gether with ICM members.

2.4 Academic Activities
    - The Fresenius University of Applied Sciences and Ludwig Maximilians Univer-
sity in Munich (Germany), through the Erasmus Program has provided Chemical 
Engineering students and biologists since 2009. 
    - The research and academic activities are published on the dedicated website 
(www.ceab.csices/~oceans). Open discussions are performed throughout the 
blog http://groups.google.com/group/mars-i-oceans

3. DrAWINg tHE PrESENt, SHAPINg tHE fUtUrE
The relative simplicity of structure and components of the CEAB’s marine obser-
vatory, working effectively with relatively low-cost operation and maintenance, 
make the observatory promising. Implementing an operational forecasting 
system for local sea conditions is pending. Faster application of quality control 
filters to data is in progress. The observatory’s infrastructure is pending to be 
recognised as a permanent infrastructure at CEAB. Submitted national and in-
ternational research projects supporting the observatory activities are pending 
for approval.
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Abstract – Current marine wireless communication systems used for monitoring 
applications based on buoys suffer from lots of weakness. Our research project con-
cerns the design and development of new technological applications to improve 
marine communications. Particularly, a novel wireless sensor network based on 
WiMAX standard operating at the 5.8 GHz band (license-exempt band) is proposed. 
As an initial task, a propagation channel measurement campaign in maritime en-
vironments was carried out to investigate the impact of the wireless channel in dif-
ferent situations. This work provides radio measurements over sea around urban 
environments. In particular, a radio link between a buoy and a ship at 5.8 GHz is 
studied. LOS (Line-Of-Sight) and NLOS (Non-Line-Of-Sight) paths are investigated. 
The designed measurement system is described and the experimental measure-
ments are shown. This investigation is useful, among others, for planning World-
wide Interoperability for Microwave Access (WiMAX) networks offshore around 
these challenge environments.
Keywords - propagation channel measurements, WiMAX, maritime environment, 
wireless sensor networks.

ExtENDED ABStrACt.
Recently, many studies have identified an emerging demand for telecommuni-
cation services in several applications over sea. Some of them are getting great 
interest for the scientific community, e.g. those related to real-time monitoring 
through sensing multiple physical parameters from the sea. Although the num-
ber and kind of parameters depend on the specific application, monitoring sys-
tems are quite similar. Basically, these systems are based on a set of buoys and 
each one is equipped with two main subsystems. Firstly, a subsystem including 
a lot of sensor devices that measure locally the data. Secondly, a radio system 
which is in charge of transmitting them to a central base station for process-
ing and monitoring purposes. The base station could be installed on shore or 
aboard a ship. This last case is particularly interesting for some applications, e.g. 
those related to oceanography campaigns.
Current wireless technologies used in this kind of applications are mainly based 
on VHF, cellular mobile telecommunication systems (GSM, UMTS, etc.) and sat-
ellite communications systems (INMARSAT, VSAT, etc.). However, these systems 
suffer from lots of weakness [1], like low bandwidth or capacity (GSM, Satellite 
and VHF systems), short range (cellular mobile telecommunication systems), 
high cost for certain applications (satellite and cellular mobile telecommunica-

tion systems) and the large size and weight of antennas and hardware transceiv-
ers (VHF systems). These limitations have motivated a new research activity. The 
general goal is to design and develop a novel broadband wireless communica-
tion system to perform applications like the one mentioned above.
A wireless sensor network based on WiMAX standard ([2], [3]) could be a good 
candidate to accomplish this task. WiMAX is an evolving technology that is op-
timized for operating on land environments where its good performance has 
been extensively demonstrated. Several frequency bands can be used for de-
ploying this system. The license-exempt 5 GHz band is of interest to WiMAX 
because this is generally available worldwide and it is free for anyone to use, 
i.e. it could enable deployments in underserved markets, like the maritime one. 
In particular it is the upper 5.725 GHz-5.850 GHz band that is most attractive 
due to the fact that many countries allow higher power output compared to 
other bands. This facilitates less costly deployments. Regarding range and peak 
data rates, field tests on land have shown tens of kilometers and Mbps, respec-
tively. These potential characteristics overcome the weakness described above. 
However, the performance of WiMAX networks in marine environments is not 
optimum due to the different radio propagation conditions. The main goal of a 
research project between the universities of Cadiz and Abdelmalek Essaâdi is to 
optimize the WiMAX standard for maritime applications.
An initial and crucial task for the optimization of this standard over sea is to 
study the radio propagation channel in these scenarios in the 5 GHz band. Par-
ticularly, buoy-to-ship propagation measurements were performed over sea. 
Fig. 1 shows the routes where the measurements were carried out.
Propagation models and measurements for land, both large-scale path loss and 
small scale multipath, have been discussed extensively. Further works in this 
field have been done in urban and suburban environments. Besides, although 
some works present experimental measurements of propagation characteristics 
for maritime radio links, they do not apply to conditions covered by our study. 
To the best of the authors’ knowledge, buoy-to-ship links characteristics over 
sea at 5.8 GHz have not been investigated. In this work, we focus on LOS (Line-
Of-Sight) and NLOS (Non-Line-Of-Sight) paths. We discuss them analyzing the 
measurements performed in a real marine scenario. This work is helpful, among 
others, to deploy WiMAX systems in these challenges scenarios.

Fig. 1. Route followed by the 
ship (red) and fixed location of 
the buoy.
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Abstract: Ocean Data Manager (ODM) is new free software designed in MATLAB. 
ODM has been developed to unify and process all data generated by a variety of 
oceanographic instruments. Specifically, it includes five different subprograms. This 
software has several applications to store, process and generate graphs from het-
erogeneous oceanographic data. 

INtrODUCtION
Nowadays, a wide range of oceanographic instruments are available. Indeed, 
companies and institutions use multiple instruments (e.g. Conductivity-Temper-
ature Profilers-CTD-, Acoustic Current Profilers-ACP-, flowmeters…) on a daily 
basis. Moreover, every institution and company have their own software to gen-
erate their own output files, resulting in a huge amount of files having different 
structures and formats. 
For several years, the Institute of Marine Science of Andalucía (ICMAN-CSIC) has 
developed a piece of software able to unify all data coming from a variety of 
instruments. The name of this program is Ocean Data Manager (ODM) and it was 
created in MATLAB® (version 6.5).

OCEAN DAtA MANAgEr
ODM is a free software available at http://www.icman.csic.es together with 
the reference material [1].  This software has been designed in MATLAB, with 
a Graphical User Interface (GUI) which gives a more user-friendly component 
to the program itself.  ODM presents a main screen where the links to the five 
subprograms are displayed. These subprograms may be used for the following 
actions: Import, Filter, Concatenate, Plot and Export, as shown in “Fig. 1”.

Import
The import tool subprogram, which is the first module of ODM, provides the 
grounds for data format normalization. The subprogram has two important 
functions: the first deals with unifying the format file and the second with the 
creation of a Metadata (complementary information). It is necessary to build 
two MATLAB code programs, drivers, per instrument/sensor. Indeed, there are 
drivers for fifteen instruments although this number may be increased as each 
user can easily create these drivers using the guidelines described in the user’s 
guide. After using this subprogram the user will work with .mat files. 

Filter
This subprogram allows the user to remove easy-to-identify bad data. The main 
idea of this subprogram is to eliminate anomalous values that normally appear 
at the beginning and at the end of most data series. This usually happens when 
the user/scientist have to wait to stabilize the CTD into the water to perform a 
CTD cast or mooring while program and is anchorage at the beginning of the 
series and then when collected and discharged.  These data are not deleted by 
the program, indeed it generates a filter to hide these data.

Concatenate
The task of this subprogram is to merge several files generated with the previ-
ous subprograms into a single file. Depending on the particular situation, being 
a campaign or a mooring sampling, the user will choose the appropriate button 
(Mooring Extend / Generate Campaign).

Plot
The plot tool provides direct graphical outputs in some common picture for-
mats (JPEG, TIFF, PNG, etc.) as well as MATLAB figures. It is also possible to edit 
the final figure as it matches to the user’s requirements and to export it to other 
standard graphical formats supported by MATLAB. 

ODV Export
The ODV export tool transforms the information contained in a MATLAB data file 
generated after importing, filtering or concatenating, and generate as output a 
tab-separated ASCII file. Thanks to its internal structure this file can be plotted 
by more sophisticated third-party programs as Ocean Data View (ODV) created 
by Alfred Wegener Institute [2].

APPLICAtIONS
ODM has been created to manage data files from multiples instruments. More-
over it easy generates and stores these files.  At the same time, the user can take 
decisions in a small period of time observing the graphs or exporting data to 
other softwares. Two examples of this practical software are a temporal series 
and a CTD campaign data.
Temporal Series

One of the most important oceanographic series of data comes from moorings. 
Normally with this type of files it is usual to have anomalous data at the begin-
ning and end of the series. ODM Filter removes the erroneous data. Further-
more, ODM Mooring Extend concatenates time series and generates a single file 
which makes the processing and plotting easier and faster. 

CTD Campaign Data
Oceanographic campaigns sampling design is normally made up by several sta-
tions creating a grid. In each station the user generates a profile with a cast from 
the CTD instruments. ODM is a successful tool for this type of data because data 
can be processed directly during the campaign in a short period of time and 
pictures and reports easily generated. As in the case of time series, a single file 
may be generated, which can be successively treated with others programs to 
obtain graphics (eg, ODV graphs),. 
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Fig 1. Several ODM screens. 1, ODM main screen . 2, ODM IMPORT. 3, ODM 
FILTER. 4, ODM PLOT 
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Abstract- Estuarine environments are characterized by very complex morphody-
namics and represent one of the most critical coastal regions for the exchange of 
sediment and nutrients. The fertilization of the continental shelf of the Gulf of Cadiz 
(SW Iberian Peninsula), in which the Guadalquivir and other rivers play an influen-
tial role, constitutes the major factor determining the productivity of the basin, from 
phytoplankton to fisheries resources as anchovy.  Moreover, the input of nutrients 
and suspended particulate matter from the rivers has a relevant impact on several 
socio-economic strategic activities (aquaculture, tourism, navigation). The work 
presented here was undertaken to analyze the spatial variability of the Guadalqui-
vir turbidity plume. The incorporation of DEIMOS-1 novel satellite images of high 
spatial resolution (around 20 m) will improve our ability to map turbidity and chlo-
rophyll in the estuary and to assess and predict the plume behavior. To achieve this 
goal, remote sensing images from DEIMOS-1 satellite have been processed and vali-
dated against in-situ measurements from several cruises to check the quality and 
precision of satellite data in this coastal area. The high spatial resolution of these 
images will allow us to study spatial features related to the dynamics of the turbidity 
plume in the river mouth and connect these patterns with the meteorological and 
oceanographic process controlling it.

Keywords: Guadalquivir estuary; DEIMOS-1 images; chlorophyll; turbidity plume 

The Gulf of Cadiz is a wide basin located on the SW coast of the Iberian Pen-
insula near to where the Atlantic Ocean connects to the Mediterranean Sea 
through the Strait of Gibraltar. The continental shelf receives substantial fluvial 
inputs associated with the discharge of major rivers such as the Guadiana, the 
Guadalquivir and the Tinto-Odiel [1]. The Guadalquivir estuary has undergone 
substantial rapid agricultural, fisheries, and anthropogenic development, par-
ticularly in recent decades. In spite of the social and economic importance, until 
very recently, only a few studies have been conducted on the zone [2 and refer-
ences therein]. Water clarity and quality are important for the functioning of the 
ecosystems of the estuary and adjacent area, acting as an indicator of nutrient 
loading and sediment dynamics, and are critical variables for seagrass growth. 
Management strategies and methods that facilitate monitoring of estuaries are 
required. 
Satellite-borne sensors technology is becoming an ideal tool for assessing tur-
bidity and chlorophyll, thus enabling a more effective and reliable analysis of 
the temporal and spatial dynamics of plumes having the potential for improv-
ing our understanding of nearshore processes. The ocean color images of the 

Guadalquivir estuary is affected by a variety of processes typical of environ-
ments with Case-II waters (i.e., the optical properties do not co-vary), includ-
ing phytoplankton blooms, sediment plumes, and other episodic phenomena, 
such as runoff events [2, 3]. Each of these processes can individually modulate 
satellite-detectable signals contributing to the overall variability, especially in 
these waters which are characterized by a variety of seasonally-varying circula-
tion patterns. 
The aim of this study is to assess the potential of DEIMOS-1 remote sensing and 
bio-optical in-situ data for deriving water-quality parameters, and to develop an 
approach for successfully monitoring and predicting the turbidity as diagnos-
tic tool in the coastal management of the Guadalquivir estuary. The DEIMOS-1 
is the first private satellite in Europe which carry a multi-channel optical sen-
sor. The satellite is an automatic spatial platform with a small size (only 100 kg 
weight) and very advanced technology that provides optic and infra-red imag-
es. It was conceived for obtaining Earth images with a good enough resolution 
to study the terrestrial vegetation cover, although with a great range of visual 
field in order to obtain those images with high temporal resolution. The sensor 
characteristics allow to achieve very high spatial resolution (20 m) and a wide 
field of view (600 km), hence it is suitable for coastal ocean color observation. 
During the last year, several DEIMOS-1 images have been captured over the 
Guadalquivir estuary. The high spatial resolution of these images will allow re-
solve the turbidity patterns than can be detected with this new satellite. Figure 1 
shows two DEIMOS-1 images from the Guadalquivir estuary where the turbidity 
plume is located in the Guadalquivir river mouth. The intensity, size, orienta-
tion, location, etc of these plumes are different depending on the meteorologi-
cal and oceanographic conditions (i.e. wind direction, tidal regime, waves, river 
discharge) that control the appearance and persistence of these plumes.
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Figure 1. RGB images captured from DEIMOS-1 satellite during 03/03/2011 and 12/16/2010 (left and right panel respectively).
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Abstract: The INSPIRE Directive (2007/2/EC) is leading the way towards development 
and creation of a Marine Spatial Data Infrastructure (SDI) of the Institute of Marine 
Science (ICM-CSIC) and the Marine Technology Unit (UTM-CSIC). As a first step, a 
Catalog Web Service (CWS) was developed to access geospatial information of the 
projects, vessels and observatories, under the guidelines of standardization estab-
lished by the Open Geospatial Consortium (OGC) and International Organization 
for Standardization (ISO). MIKADO was chosen to edit metadata and GeoNetwork 
to search, publish and distribute geospatial data across multiple catalogs.  A specific 
Java app (called Forest) was developed to create metadata based on MIKADO XML 
files. Furthermore, an XML style sheet was developed to import metadata created by 
MIKADO into GeoNetwork complying with ISO 19139.

Keywords: INSPIRE, GeoNetwork, MIKADO, SDI, XSL.

I. INtrODUCtION
Until recently, oceanographic and geospatial communities have shaped reality 
differently. The former understands nature as equations with parameters and 
the latter as different geometries: polygons, points... that can be manipulated 
from a database. Today, SDI makes possible the convergence of acceptable stan-
dards to both communities that will enable the interoperability of applications 
for data management [1].
Recently, emergence of Google Maps and Google Earth has caused a geosci-
ences revolution. These technologies have proven that all the geo-referenced 
information can be on the web. The INSPIRE European Directive and the Open 
Geospatial Consortium (OGC) have promoted the assumption of specifications 
and standards to go in that way.  
This idea has been developed much more for the land context and nowadays, 
thousands of maps are served through Internet, with different land information 
layers. Marine SDI has been more difficult to develop because of its special char-
acteristics of dimensionality (ex: 4D) or the need to view models (ex: evolution 
of 3D volumes over time).
Working with a metadata´s standards is critical to ensure the interoperability 
over the data and to make possible data discovery, representation and retrieval. 
This project aims to improve the integration of existing technologies for meta-
data creation and exploitation.
Technical Committee 211 (ISO/TC211) [2] [3], within the International Organi-
zation for Standardization (ISO), determines the standards of ISO19100 family 
in relation with geo-referenced objects or phenomenon. In particular, it is re-
sponsible for establishing ISO19115 for geographic information metadata and 
ISO19139 for its relationship with application in XML schemas.
The development of a CWS was one of the first steps towards the Marine SDI 
done. It will allow to create a CWS, to search and browse metadata associated 
with information from the projects, vessels and observatories.

II. MEtHODOLOgY
A part of the project was to take into account the metadata generated during 
oceanographic cruises of BIO Hespérides and B/O Sarmiento de Gamboa, two 

Singular Scientific and Technological Infrastructure managed by UTM-CSIC.
According to the needs, MIKADO [4] was chosen to create the metadata. IFRE-
MER has developed this tool to generate metadata within SeaDataNet (2006-
2010) of the EU Sixth Framework Programme. GeoNetwork [5] was chosen as a 
catalog application. This is a free and open source application that could man-
age geo-referenced resources complying open standards for services and pro-
tocols as a part of the Open Source Geospatial Foundation (OSGeo-OGC).
Using MIKADO it is possible to edit metadata in a simple way through a graphi-
cal interface with tabs and fields. In order to improve MIKADO features a Java 
application has been developed -Forest-, allowing quick metadata generation 
during an oceanographic cruise. The program uses templates which comes from 
MIKADO with common fields and edit the final metadata modifying only the 
variables (ID, date and coordinates).
MIKADO generates metadata in XML format, using its own metadata from 
SeaDataNet and others from ISO19115. However, the goal is to get a metadata 
complying ISO19100 family standards, specifically ISO19139 which could be im-
ported to GeoNetwork. Integration between both tools is achieved using XSL 
technology. It is starting with 19115to19139 GeoNetwork style sheet which is 
modified to adapt it to the XML files from MIKADO.

III. CONCLUSION
A CWS has been developed and linked to the metadata creation during an 
oceanographic cruise. CWS allows to search, view and access to the cruise infor-
mation. Thus, a pillar is established to the development of Marine SDI which will 
enable the oceanographic community in the geoscientific world on a level with 
others research branches.
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Abstract – RFID is an innovative information technology that allows the ability to 
attain massive amounts of data. It can be used for traceability of good trough the 
different production stages as well as in behavioural sciences to identify different 
animals within a group. In this work we summarized two different sectors where 
this system could be developed. The first concerning the application of such tech-
nology to fresh fish supply chain, the second concern a laboratory application for 
the study of behaviour in laboratory held crustaceans of commercial importance 
(i.e. the Norway lobster, Nephrops norvegicus). The presented application of RFID to 
fresh fish supply chain consisted in the application of RFID tags along the fresh fish 
supply-chain of high commercial value. In the laboratory, a system of distributed 
architecture made by a microcosm tank with set of RFID controllers below it, each 
handling a group of seven readers in order to contemporarily portrait the behaviour 
of up to four individuals.

Keywords – RFID, fish supply chain, Laboratory applications, Nephrops norvegicus, 
Burrowing rhythms

INtrODUCtION
RFID is an innovative ICT tool that allows the ability to attain massive amounts of 
data related to products, supplies, inventory, customer service, and machinery. 
Basic RFID system is composed by an antenna, an integrated circuit, a reader 
that gathers information from the id tag, and finally by a database system that is 
used to store the information gained through interrogating the id tag [1]. RFID 
technologies have gained significant interest from supply-chain industries and 
academics in recent years [2]. Tags advantage consists in its memory storage ca-
pacity, saving data in relation for example to the product identification number, 
price, cost, characteristics, manufacture date, location, and inventory on hand. 
The traceability of fresh food chain, such as the fish one has become crucial, 
challenging and important to keep fish product safety due to a high number 
of product variants, strict traceability requirements from the customer and the 
need for temperature control in the supply chain [32]. 
Marine RFID laboratory applications are scant for technical difficulties of propa-
gating radio waves within the marine medium. Anyway, radio tracking devices 
can be used to quantify several traits of animals’ behaviour, with potential ap-
plication to marine organism of commercial interest. 
Although the RFID is an ICT tool well developed, the potential applications 
of this technology are already to be investigated inside specific niche sectors 
in term of efficiency, efficacy and economic sustainability. In this context, we 
tested the RFID technology in two very different sectors: the fresh fish supply 
chain and the laboratory, with behavioural tests with groups of commercially 
important crustaceans (the Norway lobster, Nephrops norvegicus). 

MAtErIALS AND MEtHODS
The application of RFID technology was experimented on the fresh fish supply-
chain. A total number of 8 fish (> 1.5 kg each) of 5 different species of elevate 
economic value (Merluccius merluccius, Euthynnus alletteratus, Dentex dentex, 
Sparus aurata, Trigla lucerna) was tagged on the operculum and followed along 

the supply chain. The tags used was RFID HF 13,56 Mhz with unique identifica-
tion data and rewritable memory. An encoding and inquiring unit for RFID tags 
(Psion Teklogix WorkAbout Pro G2) and a desk read/write unit (MB50) linked to a 
portable PC via USB was used. The information (time, place, species, additional 
information) linked to each single fish/tag was recorded along the supply-chain 
on the fishing boat, local fish market and fish shop.
Laboratory tests were conducted under 12-h light-darkness cycle (10 Lux) in a 
microcosm tank (150 x 70 x 30 cm) recreating the habitat medium of Nephrops. 
Four adults were tagged on their telson by a passive RFID transponder (13.56 
MHz). A distributed system made by 6 controllers each receiving the signal of 
seven antennas was connected to a PC storing the spatial information on ani-
mals positioning by minute. 

rESULtS AND DISCUSSION
The application of passive RFID tags on fish opercula evidenced the necessity 
to engineer a specific system to tag fish of large size in an easier and firm way. 
Along all the supply-chain, tags have been always readable; difficulties of read-
ing were found in relation with the proximity of tags with readers. Information 
archival on a database resulted efficient and useful also for a potential evolution 
through a shared web-based system with all the supply-chain. The economic 
sustainability resulted positive only for fish with high commercial value raising 
also the satisfaction of both consumers and intermediate users.
We observed a variable nocturnal activity across days in the tested animals. Total 
activity varied over consecutive days. We also observed inter-individual differ-
ences in expressed overall activity. Those behavioural differences across-days in 
the same animal or among different animals within the same test group could 
be ascribed to the presence of strong territorial aggressive behaviour. 
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Abstract - The aim of this research is to proof that data acquired on board, packed by 
Principal Components Analysis (PCA) and transmitted by satellite connection, are 
suitable for statistical process control, monitoring and predictive maintenance task 
.Xbar&s Chart statistical method will be used for monitoring, both, the original data 
and compressed data and the criteria for determinate if the process is in control or 
no, will be applied. Further, a comparative study using one dimensional variance 
analysis ANOVA is done between the original data and compressed data for deter-
mining if (p £ 0,05) for process variables taken in a random way.

Keywords Principal Components Analysis (PCA), Statistical Process Control (SPC), 
Predictive Maintenace

INtrODUCtION
In this paper the suitability of a non-exact compressed data packets is discusses 
and it is use for implementing a monitoring system and for a statistical process 
control (SPC,) all that from the view point of reliability in a liquefied natural gas 
(LNG) ship.
The hypothesis of this study was to evaluate the reliability of a monitoring sys-
tem using the theory of Principal Component Analysis (PCA) [1] to compress, 
with sufficient accuracy, the large amount of data being collected on board a 
ship and then send via satellite in a more economical or faster way than the 
traditional. We make an analysis of both data (the real data and non-exact com-
pressed data) making the distribution of the average and the standard deviation 
establishing the control limits using ( X&s ) chart [2]. Then we will see if these 
data collected on ground are sufficient to make telediagnosis and predictive 
maintenance decisions of the machinery on board using ground equipment [3]. 
Using these control charts we will initially identify whether the variables are in 
or out of control, by British or American conventions [2], so, significant cost and 
timesavings in telecommunications are obtained. The propulsion systems used 
today have more electronics systems, so a diagnosis on ground is becoming in-
creasingly necessary.
The data used were collected on board a ship which transport liquefied natural 
gas LNG (Catalunya Spirit) through its integrated automation system (IAS, Nor-
control, Norway). This device generates a spreadsheet file every 1 hour, which 
represents the condition of 176 different variables signals of the major subsys-
tems of the vessel, twenty four times every day, during nine days from february 
to april. 
Non-exact compression is performed by applying the method of the PCA for 
monitoring the condition of the equipment on board, which allows a lower 
cost communication or reduce the occupation time of bandwidth for a given 
amount of data. A lossy compression technique includes a loss of information, 
where the exact original data cannot be recovered. So this compression is pos-
sible if some loss of fidelity is acceptable.
It is a way of identifying patterns in data, and expressing the data in such a way 
as to highlight their similarities and differences. Since patterns in data can be 
hard to find in data of high dimension, where the luxury of graphical represen-
tation is not available, PCA is a powerful tool for analysing data. The other main 
advantage of PCA is that once you have found these patterns in the data, is pos-
sible compress it, by reducing the number of dimensions, without much loss of 
information. In the modern process industry, PCA is widely used for SPC from 
datasets with large number of highly correlated variables recorded in real time 
by sensors located in continuous or batch processes.
The ( X&s ) chart are the charts where the average is X-bar; figure (1) and the 
standard deviation s, figure (2).
These graphics efficacy join the central tendency graph and the variability of 
the process graph.
The ( X&s) chart are use when the number of samples is very large.
Using ANOVA method for compare populations, the result was that there were 
no significant differences (p £ 0,05) using real data or using non-exact compres-
sion data and the interpretation of out of control using British conventions also 
did not differ significantly.
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Abstract- Accessing real time data from a marine sensor network (MSN) can be a 
challenge. Open access to real time data using interoperable internet technologies 
is one of the major demands. The IEEE 1451 Smart Transducer Interface Standards 
[1,2] specify a standard API (application processor interface) process to discover 
and access sensor data by using an HTTP connection. This paper presents an HTTP 
Server for Marine Data coming from OBSEA[3,5] cabled Observatory at the Western 
Mediterranean Sea. The implementation was using LabVIEW Web Services.

Keywords- IEEE1451, LabVIEW Web Services, Marine Sensor Network

INtrODUCtION
Data Interoperability is one of the major issues nowadays, where internet tech-
nologies enable the access to sensors data in real time. Sensor Web Enable (SWE) 
[4] from OGC (Open Geospatial Consortium) and IEEE1451 Standard are two ap-
proaches to achieve these interoperability problems. Discover and accessing 
available sensor data from an Internet web server trough a standard is one ob-
jectives of this work. In this case, an HTTP 1451.0 Server has been implemented 
using LabVIEW Web Services. Previous implementations of a HTTP 1451.0 server 
were been done using different technologies or language programming like 
JAVA. In this case, LabVIEW graphical programming was used to facilitate the 
integration process for electronics or scientist who most times are more familiar 
with LabVIEW than other languages.

IMPLEMENtAtION
The IEEE 1451 family of standards were created to address the standard digi-
tal documenting of sensors [1,2]. The main objective is to add a digital layer of 
memory, functionality and communication to sensors so as to make sensors 
controllable and measurements accessible through a network with sufficient 
information on the sensor characteristics and history.  
Figure 1 depictures the main components of a full compliance IEEE1451 system: 
The Transducer Interface Module (TIM), a device that could be either a sensor 
or an actuator with transducer channels and a Network Capable Applications 
Processors (NCAP) where different instruments or transducers are connected 
through a TIM (Transducer Interface Module). Each NCAP inside the system will 
have a NCAP address and each TIM connected to NCAP his TIM addresses.
For a non IEEE1451 compliance instruments, a data processing block implement 
the instrument manufacture-dependent protocol and translate the instrument 
data to a UDP NMEA-0183 style data frame that is sent to the IEEE1451.0 NCAP 
who interpret this data coming from a virtual TIM with virtual channels.
As an example, a non IEEE1451 instrument likes a marine CTD who measures 
current, temperature and depth will be interpreted by our NCAP as a virtual TIM 
with three different channels.
Some of the API commands implemented by the LabVIEW Web Service are 
shown in Table 1
A remote client use the “http” protocol to send messages to  the IEEE 1451.0 
NCAP, which acts like a server, serving transducer data to the remote client. The 
HTTP message from the remote client unit will be transmitted across a network 
connecting the remote client with the IEEE 1451.X transducer nodes, or in this 
case to the non IEEE1451 instruments. The message will adhere to the HTTP URL 
syntax (RFC 2616) as http://<host>:<port>/<path>?<parameters>.

Figure 1. HTTP access to an IEEE 1451.0 NCAP and Non Standard Instruments 
Interface

•TimDiscovery (TimDiscoveryHTTPRequest, TimDiscoveryHTTPResponse )

•TransducerDiscovery (TransducerDiscoveryHTTPRequest, TransducerDiscovery-
HTTPResponse )

•ReadTransducerData (ReadTransducerDataHTTPRequest, ReadTransducerDataHTTPRe-
sponse )

•ReadMetaIDTEDS (ReadMetaIDTEDSHTTPRequest, ReadMetaIDTEDSHTTPResponse )

•ReadTIMGeoLocationTEDS(ReadTIMGeoLocationTEDSHTTPRequest, ReadTIMGeoLoca-
tionTEDSHTTPResponse )

Table 1. Implemented Commands by the LabVIEW HTTP 1451 web Service

For example: http://esonet.epsevg.upc.es:1451/1451/Discovery/TIMDiscovery?
ncapId=1&responseFormat=xml
Where the NCAP server is hosted at esonet.epsevg.upc.edu at port 1451. The 
LabVIEW web service path for the discovery messages is /1451/Discovery and 
in this example a TIMDiscovery request to our NCAP is done asking for an xml 
formatted reply.
The LabVIEW IEEE1451 HTTP web service reply to the previous command will be
<TIMDiscoveryHTTPResponse xsi:schemaLocation=”http://
localhost/1451HTTPAPI http://grouper.ieee.org/
groups/1451/0/1451HTTPAPI/TIMDiscoveryHTTPResponse.xsd”>
<errorCode>0</errorCode>
<ncapId>1</ncapId>
<timIds>1,2</timIds>
</TIMDiscoveryHTTPResponse>

Where two TIMs with TimIds 1 and 2 are present in our system.
Our system is composed by one NCAP server implemented in LabVIEW as a 1451 
Web Service and for the first test two TIMs who represents one CTD instrument 
with three and a meteorological Data Station with 40 channels
    - CTD Instrument TIMid=1. Three Channels: conductivity, temperature and 
depth.
    - Meteo Station TIMid=2. Forty Channels: stationDate, stationTime, outsideTemp, 
wind10Avg, windDir, barometer, outsideHumidity, solarRad ,uv, hiOutsideTemp, lowOutside-
Temp, hiHumidity, lowHumidity, hiBarometer, lowBarometer, hiWindSpeed, hiSolarRad, hiUV, 
dailyRain, wind10Avg, hiMonthlyOutsideTemp, lowMonthlyOutsideTemp, hiMonthlyHumidity, 
lowMonthlyHumidity, hiMonthlyBarometer, lowMonthlyBarometer, hiMonthlyWindSpeed, hi-
MonthlySolarRad, hiMonthlyUV, monthlyRain, hiYearlyOutsideTemp, lowYearlyOutsideTemp, 
hiYearlyHumidity, lowYearlyHumidity, hiYearlyBarometer, lowYearlyBarometer, hiYearlyWind-
Speed, hiYearlySolarRad, hiYearlyUV, totalRain

CONCLUSION
In order to facilitate the interoperable access to the Obsea instruments data, a 
LabVIEW IEEE1451 HTTP web server has been developed. This development al-
low the OBSEA technicians to share instrument data trough a standard interface 
easily and quickly.

REFERENCES
 [1] L. Kang, “IEEE 1451: A standard in support of smart transducer networking,” pre-
sented at Instrumentation and Measurement Technology Conference, 2000. IMTC 
2000. Proceedings of the 17th IEEE, 2000.
[2] E. Y. Song and L. Kang, “Understanding IEEE 1451-Networked smart transducer 
interface standard – What is a smart transducer?,” Instrumentation & Measurement 
Magazine, IEEE, vol. 11, pp. 11-17, 2008.
[3] Mànuel, A.; Nogueras, M.; Del Rio, J. “OBSEA: an expandable seafloor observa-
tory” Sea technology, ISSN: 0093-3651
[4] M. Botts, G. Percivall, C. Reed, and J. Davidson, “OGC Sensor Web Enablement: 
Overview and High Level Architecture.”
[5] Aguzzi, Jacopo; Mànuel, Antoni; Condal, Fernando; Guillén, Jorge; Nogueras, 
Marc; del Rio, Joaquin; Costa, Corrado; Menesatti, Paolo; Puig, Pere; Sardà, Fran-
cesc; Toma, Daniel; Palanques, Albert. 2011. “The New Seafloor Observatory (OB-
SEA) for Remote and Long-Term Coastal Ecosystem Monitoring.” Sensors 11, no. 6: 
5850-5872.

Joaquín del Río1, Marc Martínez1, daniel Mihai Toma1, Antoni Mànuel1, Helena g. Ramos2

1 SARTI Research group. Universitat Politècnica de Catalunya. Rambla Exposició 24, 08800, Vilanova i la geltrú. barcelona. Spain. 
+(34) 938 967 200. Joaquin.del.rio@upc.edu
2 Instituto de Telecomunicaçoes, dEEC. Instituto Superior Tecnico, UTl. lisboa, Portugal.

IEEE 1451 HTTP SERVER IMPlEMENTATION FOR MARINE dATA



Instrumentation Viewpoint /11/ MARTECH1151

Marine, automotive and aerospace industries are continually trying to opti-
mize material performance in terms of strength and weight. Success has been 
achieved through the growth of
high performance materials including fibrous composites such as ceramics, new 
alloys, carbon fiber composites and through the use of structural concepts such 
as sandwich composite panel
construction. Sandwich composite panel construction with honeycomb core 
consists of three components: two facing sheets, the core that fill the space be-
tween the facing sheet and the core-to-facing bonding adhesives.
The facing sheets of a sandwich panel can be compared to the flanges of an 
I-beam element, as they carry the bending stresses to which the beam is sub-
jected. With one facing sheet in compression, the other is in tension. Similarly 
the honeycomb core corresponds to the web of the I-beam that resists the shear 
loads and vertical compressive load to the face sheet. The core-to-skin adhesive 
rigidly joins the sandwich components and allows them to act as one unit with 
a high torsional and bending rigidity. Although the sandwich panels present a 
good strength to weight ratio and many other interesting mechanical charac-
teristic and advantages, they have some disadvantages. Over the past 40 years, 
considerable work has been devoted to understanding these problems and try-
ing to predict failure loads in damaged and undamaged panels accurately [2, 1].
This paper discusses the theoretical and quantitative design and analysis of a 
honeycomb panel
sandwich structure. The initial design is based on specific requirements that the 

panel must achieve prior to failure under load. Materials to be used for the fac-
ing and core are selected based on the given requirements. With the materials 
chosen, the facing sheets and core are analyzed for failure. Failure occurs when 
the stresses in the panel exceed the properties of the materials by any mode. 
The composite panel was modeled by a long beam under flexure test specimen 
as a simply supported beam loaded in pure bending.
In this paper, we present a simple model for prediction of different failure mode 
of face sheet and core material. The obtained results of this model were com-
pared with experimental results [3] and present that it is a simple and good 
model.

REFERENCES
[1] T. Southward, Buckling and Growth of Disbonds in Honeycomb Sandwich Struc-
ture ,
PhD thesis, Department of Mechanical Engineering, the University of Auckland , 
2005.
[2] R. Andrew Staal, Failure of Sandwich Honeycomb Panels in Bending. PhD thesis, 
Department of Mechanical Engineering, the University of Auckland, 2006.
[3] Hexcel Corporation, Bonded honeycomb sandwich construction a description of 
the basic
design and capabilities of bonded honeycomb sandwich construction., Technical 
Service
Bulletin, 1993.

Ahmad Mobasher Amini1, Mehdi Nakisa2

1 Persian gulf University of bushehr - Iran mobasheramini@pgu.ac.ir
2 Azad Islamic university of bushehr -Iran mnakisa2003@yahoo.com

A SIMPlE METHOd TO PREdICT dIFFERENT FAIlURE MOdE OF 
SANdWICH COMPOSITE PANEl WITH HONEYCOMb CORE: AP-
PlICATION TO MARINE STRUCTURE

Multi-sensor Buoy in the Guadalquivir river (observation network of the Autoridad Portuaria de Sevilla)



Instrumentation Viewpoint/11/ MARTECH11 52

Abstract - Biofouling, the attachment and growth of organisms on hard surfaces, 
represents one of the main challenges to long-term autonomous deployment of 
marine sensors and sensor networks. Unmaintained or unprotected sensors rapidly 
experience data loss or drift unless some mechanism of biofouling prevention, or 
antifouling, is employed. In this paper, we present the results of our research into the 
basic mechanisms of marine biofouling, with particular emphasis on the surface 
factors that influence the attachment of benthic diatoms (Bacillariophyceae) in the 
early stages of the biofouling process. We present the results of our research into the 
influence of engineered surface topography (EST) on diatom adhesion and removal 
in the field, and demonstrate how careful control of surface topography and texture 
can be employed to produce novel means of mitigating diatom biofouling and thus 
increase sensor lifetimes. We demonstrate that surface topography feature spacing 
and orientation are vital cues for attaching diatoms, subject to species and attach-
ment strategy. In addition, we present the results of our field trials of environmen-
tal monitoring sondes equipped with novel antifouling materials at Ireland’s only 
statutory marine reserve, Lough Hyne, This interesting and dynamic site offers many 
challenges with regard to long-term sensor deployment due to biofouling.

Keywords - Biofouling, sensors, antifouling, topography, diatoms

1. INtrODUCtION
Biological growth and attachment to sensor components leads to costly mainte-
nance and removal strategies and if these are not completed then data quality 
will be compromised. Traditionally, biofouling was prevented by the use of toxic 
broad action biocides such as tributyltin (TBT). However, since many of these 
compounds including TBT have been discovered to be environmentally damag-
ing and have subsequently been banned in many areas of the globe, a need has 
arisen for the development of non-toxic alternatives. Fundamental to the devel-
opment of these alternatives is an understanding of the physical and chemical 
parameters of substrate that is to be exposed, and the chemical and physical 
parameters that can be optimised for fouling reduction. Surface roughness and 
the topography nature of the surface or material are fundamental in this respect 
as they significantly influence the growth rates and attachment strength of ma-
rine organisms. In addition, careful control of the physical nature of the surface 
alters the chemical properties of that surface once immersed. 
Benthic diatoms (Bacillariophyceae) are an important component of marine bio-
films and are commonly found as part of the biofouling community on environ-
mental sensors. Additionally, these organisms passively contact a potential set-

tling surface and subsequently become motile and explore the surface before 
permanent colonisation. It is understood that surface crevices and niches pro-
vide protection from hydrodynamic shear forces and significantly affect surface 
adhesion and ecological community of attached diatoms. However no detailed 
results of field studies into the effects of carefully dimensioned engineered sur-
face topography on diatoms have been published. 

2. MAtErIALS AND MEtHODS
A number of engineered surfaces have been produced in the elastomer, 
poly(dimethyl)siloxane (PDMSe) using photolithographic techniques. These 
surfaces exhibit a range of topographic patterns and feature spacing designed 
to test several of the common models developed for surface topographic inhibi-
tion of biofouling. Surfaces were exposed in the marine environment on envi-
ronmental sensors for varying periods of time. Samples were then removed and 
preserved for analysis. Adhered cells were enumerated and identified using a 
combination of scanning electron microscopy (SEM) and light microscopy (LM).

3. rESULtS
Variation in the colonisation rates and species were seen on deployed engi-
neered surfaces, implying that surface topography directly affects marine bio-
film composition and subsequent biofouling community development (Fig. 1.). 
A relationship between species composition, based on cell size and adhesive 
mechanism, and surface topography type were observed. However strongest 
affects of surface topography were only seen in the initial stages of biofouling 
development, implying that other factors such as the settlement of a bacterial 
biofouling community and alteration of the topographic nature of the substrate 
subsequently reduce the influence of topographic patterning on diatom adhe-
sion.

4.CONCLUSIONS
Carefully engineered surface topography influences the adhesion of marine 
diatoms in the natural environment and this in turn has implications for the 
development of novel non-toxic methods of biofouling prevention. Control of 
surface topography is vital in the development of new methods of biofouling 
prevention, and while creation of such topography on large surface areas may 
be economically unviable given current methods of topography production, 
there is significant scope for the application of surface topography to the im-
provement of the lifetimes of environmental sensors, given the smaller surface 
areas involved.

Fig.1. Scanning electron micrographs of the adhesion 
of pennate diatom cells to surface topography creat-
ed in PDMSe. Smaller cell types of a certain minimum 
size are unable to contact the surface completely and 
thus exhibit fewer focal adhesion points to the elasto-
mer surface. This means that cells are easily removed 
and are less likely to undergo permanent adhesion to 
the surface.
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Abstract- The objective of this paper is to present the last modifications of the OBSEA 
observatory after the maintenance operations done. 
Keywords- OBSEA, data publication, seafloor observatory, oceanographic buoy

INtrODUCtION
Since May 2011 OBSEA underwater observatory is providing data again, after 
an inactivity period caused for the electrical fault of the submarine cable. OB-
SEA (Expandable Seafloor Observatory) is a seafloor observatory located at 4km 
from the coast of “Vilanova I la Geltrú” (Barcelona, Spain) and at 20 meters depth. 
This station is connected to the shore station with and old telecommunications 
cable used to provide electrical power to and bring data from the observatory. 
At shore, a power supply is generating the 300Vdc required for the observatory 
and a bundle of servers are storing, processing and publishing all the data gen-
erated for the observation system. 

DESCrIPtION
The seafloor node of OBSEA is equipped with a CTD (conductivity, temperature 
and depth), a Hydrophone and an underwater camera, moreover at land there 
is a meteorological station with temperature, pressure, wind and rain sensors. 
In addition, last may 2011 the observatory has been upgraded with a surface 
buoy with a weather station (Air Temperature, Ultrasonic anemometer, baro-
metric pressure, magnetic compass heading, pitch and roll angles, rate of turn 
gyro, and GPS for position and speed) and with a surveillance camera. The buoy 
is connected to an Acoustic Wave and Current Profiler (AWAC) providing daily 
updated data of water movement.
Due to all these recent changes in the observatory, the OBSEA website has also 
been remodeled, in order to provide an easiest access to the obtained data. 

Many data charts have been included (see fig. 1), so users can see the current 
status of the observatory in a quick look, and new functionalities have also been 
added. These include personalized queries, which allow users to obtain the ex-
act data they want, or a more user-friendly interface for the live camera.
Two new live cameras have been included in the website too, related to new 
data sources: the surface buoy and a meteorological station located in the SARTI 
building.  Besides from the video, these new sources provide new sets of data, 
which have also been added to the website, and will help to improve the user’s 
knowledge about the observatory situation.
In the OBSEA project we are always thinking in the future for what in addition to 
the improvements that are being done at present several work lines are being 
planned to be developed next and following years. The next stage of the proj-
ect will be the development of a second seafloor node in a near position with 
some features of deep water observatories. The new node will have a ROV mate-
able connectors plate usable for testing purposes of remote operated vehicles, 
will improve the energy management and efficiency and the monitoring and 
control capabilities. The structure of the observatory is also being designed to 
reduce the complexity and periodicity of the maintenance operations.

CONCLUSION
In this article last modifications have been presented and future actions to be 
done have been detailed.
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Figure 1: Data visualization in the OBSEA website.
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Abstract- In the frame of the European project SELFDOTT (From capture based to 
self-sustained aquaculture and domestication of bluefin tuna, Thunnus thynnus) an 
experimental setup to estimate the biomass of caged bluefin tuna (Thunnus thyn-
nus) farms in the Spanish Mediterranean coast is presented. The aim is to monitor 
individuals during all stages of growth. To do this, we propose a combined system 
of acoustic and optical techniques (both non-intrusive), in order to obtain values 
of target strength of the specimens and information on the orientation of tuna in 
the acoustic beam and the fish size. To achieve a complete information, an experi-
ment has been designed that allows us to get the acoustic measurements ventral 
and dorsal individuals accommodated in the cage (using in a first attempt a mul-
tiplexed echosounder with two 200KHz split-beam transducers), while stereoscopic 
systems provides visual information and allows estimate the size and weight of the 
specimens captured by the system. Preliminary results indicate that combined use 
of both techniques provides more precise values of the parameters needed to de-
termine the TS as a function of fish orientation and for proper monitoring of tuna 
in floating cages.

Keywords- Bluefin tuna; acoustics; underwater; optical; Target Strength

INtrODUCtION. 
In order to alleviate the pressure on the wild fishery of the bluefin tuna and aid 
in its conservation, the domestication of this fish and the development of a sus-
tainable aquaculture industry are necessary. While the life cycle is being closed 
[1], efforts should joined to design growth control mechanisms that make the 
process efficient and ecologically and economical sustainable for breeders.
With this aim, this work proposes an experimental setup that combines acoustic 
measurements (dorsal and ventral) with optical techniques, to obtain biometric 
information on a non-intrusive concept, allowing monitoring of weight gain of 
specimens and optimizing of resources management. This experiment was con-
ceived as a first approach to the problem and rises the expectations open so 
far in [2] to obtain parameters showing the biometric behavior and state of the 
specimens in the aquaculture cages.

MAtErIAL AND MEtHODS
The measurements were conducted in cages installed in the Mediterranean 
Spanish coast in El Gorguel (Cartagena). As stated above we disposed an acous-
tical and an optical system. The optical system (is a stereoscopic recording sys-
tem) provides visual information of the specimens during measurement (be-
havior and orientation) as well as the length of the same. The acoustic system 
consists of two split-beam transducers of 200 kHz, and a multiplexer to operate 
them simultaneously with a scientific echosounder, governed by the same field 
computer than the optical system, therefore providing the necessary synchroni-
zation through the internal computer clock.
Acoustic and optical data are analyzed separately at first and then jointly. The 
processing of acoustic data is performed using software Sonar5_Pro [3].  This 
software allows us the identification of tuna traces in the echogram related to 
the image of fish crossing the acoustic beam. 
Stereoscopic vision allows to determine biometric parameters of fish without 
handling them [4]. Several studies suggest that the use of these systems is use-
ful for estimating the length and weight of specimens and thus to improve the 
efficiency in the breeding of this species in captivity [5]. The proposed experi-
mental system is based in the alternate ventral measurement of images. For this 
reason, in this work a new procedure of image measurement are developed to 
estimate the tuna fork length, and validation of this new method for measur-
ing image ventral in connection with the usual configuration of a stereoscopic 
system (lateral) is performed.

rESULtS
Data shows that the dorsal TS measurements offer a bimodal distribution, which 
can be explained by the detection of the main lobe and two lateral lobes of the 
swimblader, crossing the acoustic beam, what has been described for other spe-
cies [6]. Ventral data tend also to be unimodal, because the morphometry of the 

swimblader, more rounded tan the dorsal side, reducing the directivity. 
Another critical point to be taken into account is the relationship between the 
tuna and beam area size. For these reason we have studied the dependence of 
the TS values with transducer distance. For the limited number of traces of this 
preliminary study, we can appreciate that mean ventral TS evolves with distance 
to an apparent stable value. Our dorsal data exhibit a more complex depen-
dence with transducer distance than the ventral ones what can be related to 
the near field effects. 
The acoustic results are crucial, to evaluate any TS versus size relationship based 
on biometric information obtained from optical equipment. From this informa-
tion we can plot first ventral TS to length relationship for bluefin tuna. The mean 
TS of each traces is calculated and depicted for every measured length in the 
corresponding image. This must be considered just a methodological descrip-
tion but promising results are expected (Fig. 1).
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Abstract – We show experimentally a linear dependence of target strength (TS) of 
gilthead sea bream, measured in sea cages, with the logarithm of the total length 
of fish. This relationship is obtained for the ventral aspect of TS of the gilt-head sea 
bream, measured by a low cost single-beam device. And it allows us to remotely 
monitor the growth of fish in sea cages.

Keywords - Target strength, Sparus aurata, sea cage, ventral aspect, physoclist.

1. INtrODUCtION
The aim of this study is to establish a relationship between target strength (TS) 
and total body length of the gilthead sea bream (Sparus aurata), which allows 
us to monitor their growth in sea cages. The estimated growth rate and biomass 
are crucial factors in the production plan and the management of marine farms. 
The gilthead sea bream is one of species of greatest economic interest in Medi-
terranean basin, and together with European sea bass (Dicentrarchus labrax) 
represent 95% of Spanish fish production.

2. MAtErIALS AND MEtHODS
Five classes of commercial size gilthead sea bream are characterized from 20 to 
25 cm (160 to 270 g). Firstly, we measure total length and mass of each of the 
specimens, previously anesthetized. Then a few specimens are introduced into a 
sea cage of 3 m in diameter and 2.7 high. We use two equipment to perform the 
acoustic measurements. We measure the TS directly using a Simrad EK60 echo 
sounder with a 7º split-beam transducer working at 200 kHz. Furthermore we 
use a low cost single-beam system, which allows us to record the full waveform 
with a high sampling rate, with a 30º single-beam transducer working at 200 
kHz. Measurements are made for both ventral and dorsal aspect of fish, using 
both of measurement systems. The records are made with a transducer located 
in the center of the cage, at the bottom facing upwards for ventral measure-
ments and on the surface facing down to perform dorsal measurements.

3. rESULtS
We perform two analysis based on single echo detection. The first examines all 

available information concerning the amplitude and the arrival angle of echoes 
(split-beam analysis), obtaining absolute values of TS. While the second analy-
sis omit the phase information (single-beam analysis), obtaining values of un-
compensated TS (TSu). In the single-beam analysis we develop two algorithms, 
which differ in the order in which criteria are applied to detect single echoes. 
TS distributions obtained from the split-beam analysis are unimodal for both 
ventral and dorsal measurements, like with the TSu when you apply first the 
threshold criterion. We found a lineal relationship between mean TS and loga-
rithm of total body length of fish for the ventral aspect, which presents good 
correlations for both TS and TSu, even having a few detections. Note that the 
relationship between mean TSu and total body length allow us to monitor the 
growth of gilthead sea bream using a low cost single beam equipment. Howev-
er the goodness of fit can be severely affected by noise and / or near-field errors.
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Fig. 1. Detail of mounting of the trans-
ducer at the bottom of the sea cage for the 
ventral measurement of TS on gilthead 
seabream.
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Abstract – The evolution of wireless communication systems have intended to ex-
ploit the research advance in telecommunications areas in order to get its perfor-
mances. Actually, the microstrip patch antennas have more importance in radio 
communication applications due to its low cost and weight, ease of fabrication 
and installation. Particularly, in the sea environments, the motions of boys which 
are used as means for transmitting and receiving information can affect its commu-
nication services. To maintain this scenario of communication, an omnidirectional 
antenna is required.  To meet the overall requirements, we have presented a slotted 
circular microstrip patch antenna. This antenna is fed by CPW structure to increase 
the frequency band. The antenna has a circular slot cut in the ground plane and 
circular patch is printed within that. Moreover, the WiMAX band 5.8 GHz is imple-
mented in this application. The structure is designed on FR4 substrate by applying 
CST Microwave Studio simulation software. 
 
Keywords – Wireless communication systems, Microstrip patch antennas, CPW 
structure, WiMAX.

INtrODUCtION
The wireless communications have evolved at surprising rate during the last de-
cade, thus the transceiving antennas with simple structure are pressingly in de-
mand. Moreover, the future wireless communication systems require wideband 
antennas to ensure the transmission of high data rate and great information. In 
addition, the antenna design which meets the requirements of a simple struc-
ture and wide bandwidth for use in the modern wireless communication system 
becomes a challenge for the researchers.  
Nowadays, microstrip patch antennas have been widely used in wireless com-
munication systems due to its low profile, low cost, ease of integration and fab-
rication. However, this kind of antennas goes through some difficulties such as a 
low gain and bandwidth, directional radiation pattern. The recent researches in 
this line are adduced various techniques so that the microstrip antennas achieve 
its performance to be useful for manifold wireless communication applications. 
In the literature, many coplanar waveguide (CPW) fed and microstrip fed wide 
slot antennas have been proposed for wideband applications. The sea environ-
ment is one of the mediums in which the radio communication could use wide-

band antennas. Furthermore, the propagation of radio waves in this medium 
can be affected due to natural phenomena. The system boys used as means for 
transmitting and receiving information are equipped with radiant system or an-
tenna which is considered as one of critic parts in the wireless communication 
systems. Moreover, the random motions of buoy necessities the specific proper-
ties of the antenna that can be used. In this sense, the small antennas size is re-
quired. To meet these specifications, the microstrip patch antenna is proposed. 
However, this kind of antennas has some limitations in which concern the ra-
diation characteristics and impedance bandwidth. With the growth research on 
this subject, various techniques can be of interest to enhance the performance 
of such antennas. Otherwise, recent wireless technologies used in marine appli-
cations are mainly based on VHF, cellular communication systems and satellite 
communication systems. Whereas, these technologies in some cases suffer from 
lot of weakness like low system capacity, a short bandwidth, short range and 
limitation of frequency spectrum. These problems have taken into account new 
emergent technologies to fulfill these limitations. Therefore, the wireless system 
based on WiMAX standard could be a good solution for current wireless systems. 
This WiMAX can reach a theoretical up to 30 miles radius coverage. Moreover, 
the data rate concerned for the WiMAX band is 70 Mbps. These potentials char-
acteristics tend to be adequate for our application case. Recent researches are 
focusing in the design of reconfigurable microstrip patch antennas for WiMAX 
technologies. This study is also based in designing microstrip patch antenna for 
working at the unlicensed WiMAX band 5.8 GHz in a marine environment. The 
structure includes a slotted circular patch antenna and is excited through the 
CPW fed technique. The design is printed on the substrate of the dielectric ma-
terial FR4 having a dielectric permittivity   and thickness  . The simulation of the 
antenna is based on CST microwave Studio software.The simulation results are 
shown a good adaptation at the resonance frequency 5.8 GHz and good radia-
tion characteristics of the antenna . The fabrication of the antenna will be made 
through the machine LPKF protoMAT S100, and the measurement results will 
be realized in next days by using HP 8722ES vector network analyzer and time-
domain measurement system (Geozondas, Lithuanie) to verify the simulation 
results obtained. The figure below shows the structure of the designed antenna.   

Fig.1. The structure of the designed antenna
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the same statistical analysis (PCA and hierarchical clustering) was applied to 
these data, in order to highlight any resemblances to the angular classification.

rESULtS AND DISCUSSION
The statistical analysis of the transects, based on textural features, results in a 
dendrogram showing three main branches, one formed by two Raxó transects 
and the other two further subdivided in two subbranches, one corresponding 
to Aguete, and the others to Raxó and A Cova. When the course is taken into 
account, the coast-to-starboard dendrogram groups all the transects by banks. 
The dendrogram of the textural features of the segments shows four main 
branches: Raxó,  Aguete, A Cova, and the remaining one further divides in four 
sub-branches two with Aguete and the other two with Raxó and A Cova. Again, 
separation by courses, improves the grouping of the segments by banks.
The two halves of the Aguete bank are differently grouped. The other two banks, 
do not show this spatial segregation. This is in accordance with the ground-
truthing data of razor density. Neither the distribution of the segments com-
prised in the branches mixing different banks, nor the distance between neigh-
bour branches can be explained by granulometric data or razor densities alone.
The dendrogram obtained from the kinematic variables mostly separates the 
three banks, as did the angular textures, a result that cannot be achieved using 
one single kinematic variable. However, the classification has more “misplaced” 
segments, and lacks any hint of inhomogeneity in Aguete. 

CONCLUSIONS
This work has shown that split-beam echosounder angular signal provides infor-
mation about the sediment characteristics that can render a seafloor classifica-
tion. However kinematic variables have been shown to be correlated with part 
of that information too.
In this sense, the compensation of the ship motion at acquisition time is impera-
tive in order to make the most of the acoustic angular data, even when weather 
conditions are good and vessel speed is kept almost constant.
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INtrODUCtION
Acoustic methods have been recently used for the direct observation of mollusk 
reefs [1-3] providing information about their spatial distribution.
Among the current acoustic technologies are split-beam echosounders that 
detect phase differences, interpreted as athwartship and alongship angles [4], 
thus allowing the triangulation of point-like scatterers [5] or the assessment of 
the motion of a fish school [6]. These angular measurements over extended ob-
jects, such as the sea bottom, could be used to detect the inhomogeneities in 
the sediment.
The main objective of this study is to assess whether split-beam technology 
may provide information on the density of buried bivalve mollusks. Due to their 
differentiated shape (and thus, expected acoustic signature), we will focus our 
study in the mapping of razor shell banks.

MAtErIALS AND MEtHODS

Study Area
The study was performed in the Ría de Pontevedra (Galicia, NW Spain). Three 
razor banks, regularly exploited by divers (they are located between 5-11 me-
ters deep), were considered for this study: Raxó, Aguete and A Cova. Attending 
to their razor harvesting density at the time of the survey, these banks were 
characterized as very productive (Raxo), productive (Aguete), or non productive 
(A Cova). 

Acoustic Survey
Fourteen acoustic transects parallel to the coast were recorded along the banks. 
A Simrad EK60 scientific echosounder with an ES200-7C split-beam transducer 
was attached to the hull rail of a small fishing boat. The transducer was set to 
work at 200 kHz and minimum pulse length (64 µs) and at a sampling frequency 
of 10 pings/s. Weather conditions were good and the boat speed was kept be-
tween 2.5 and 4.2 knots.

groundtruthing
In order to validate the acoustic classification, 2 stations were set per bank. Sedi-
ment samples were collected with a 30 cm corer, and biological communities 
were characterized using a suction pump with a mesh size of 1 cm. All these 
data were found to be in agreement with fishermen harvesting information.
Split-beam Texture Analysis
A second order statistical procedure, aimed at detecting correlations between 
nearby acoustic samples, is textural analysis based on the symmetric co-occur-
rence matrix [7], usually defined along a given direction of the data matrix: we 
will take this direction along the pings of the angular echogram. Haralick [8] 
introduced a set of textural features that (together with lacunarity) have been 
calculated for the first 30 cm of sediment signal for each transect of the survey.

Statistical Analysis
A hierarchical agglomerative cluster analysis was performed on the transects to 
classify them by banks. To account for the spatial distribution a further classifica-
tion was performed dividing the transects in four segments each. To reduce the 
dimensionality, prior to clustering, PCA analysis was performed, keeping only 
those components with eigenvalues larger than 1 (Kaiser’s rule). Furthermore, 
all the statistical treatment was repeated twice considering only transects and 
segments leaving the coast to portboard or starboard, respectively.
The pitch and roll motions of the vessel were not mechanically compensated 
during the survey. To address the influence of these motions on the result, two 
kinematic variables, the speed and the pitch and roll motion amplitude (inferred 
from the reflected intensity variance) were computed around each ping. Then 
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Abstract - This paper shows the modelling and energy generation results obtained 
during sailing with a hybrid ship in the generation phase. A normalized course and 
wind condition was settled. The different vessel components were mathematically 
modelled: hull, propeller and interaction between them. Several
simulations were perform sailing to evaluate available power to use in energy gen-
eration, optimal propeller operation set point, ship speed variations, generated 
energy at different thruster speeds with every apparent wind angle. Sailing with 
15 kt wind speed, the maximum generated energy was 0.924 kWh in 8.1 nautical 
miles. The ship speed reduction was 11 %. The maximum available power was 909 
W. The propeller speed control can improve the generated energy. Presented energy 
recovery strategy, helps to reduce hybrid sailboat fuel consumption and emissions, 
compromising navigation speed about 10 %.

Keywords Control system, Hybrid, Modelling, Sailboat.

INtrODUCtION
A hybrid ship is a vehicle which can use, for propulsion purpose, two or more 
methods of energy storage: hydrocarbon, electric storage battery, hydrogen, 
inertial wheel, supercapacitors and so on. Really, one or several internal com-
bustion engines (ICE) are coupled to electric generators and/or shaft propeller, 
using tank fuel energy. In addition, it is possible to use the storage energy in 
electric batteries by electric motors to rotate the propeller/thruster. Sometimes 
it is able to recover and storage the waste kinetic energy from stopping manou-
vers or when she is navigating under sail. Further, that energy will be used in 
propulsion or manoeuvring .
This paper shows the modelling and energy generation results obtained dur-
ing sailing with a hybrid ship in the generation phase. Our reference ship was 
the University of the Basque Country training ship “Saltillo”. A normalized course 
and wind condition was settled. The different vessel components were mathe-
matically modelled: hull, propeller and interaction between them. Several simu-
lation were performed sailing to evaluate available power to use in energy gen-
eration, optimal propeller operation set point, ship speed variations, generated
energy at different thruster speeds at different wind angles.

OBjEtIVES
The aims of the work were:
   - To establish a normalized course and wind condition to compare different 
generation strategies in the same scenario.
   - To model mathematically the different vessel components: hull, propeller 
and interaction between them. Integrate all components by software for feed-
forward simulations.
   - To evaluate available power to use in energy generation
   - To calculate optimal propeller operation set point 
   - To determine ship speed variations due energy generation.
   - To compute generated energy at different thruster speeds with every appar 
   ent wind angle.

rESULtS
Several simulations were performed to calculate the available power to gen-
erate energy with the propeller versus its rpm for different sailing conditions 
(Figure 6). A negative power value means energy flow from propeller to propul-
sion plant. The considered wind speed was 15 kt in all cases. Sailing between 
WP1-WP2 represent the condition close ridged 60º to true wind and the best 
generation situation was achieved at 112 rpm with Pmin=-375 W. Sailing beam
reached (90º) to true wind (WP2-WP3) the best state of energy generation was 
Pmin =-590 W at 124 rpm. Finally, was evaluated sailing broad reached (150º) to 
true wind with Pmin =-909 W at 151 rpm.

After the best propeller operations points were calculated for each ship sail-
ing direction, another set of simulations were performed over WP1, WP2 and 
WP3. For this sailing course was calculated total generating energy, ship speed, 
propeller thrust and hull required thrust. When the ship is arriving to WP1, just 
mechanical propulsion was used (section 1 in figure 7). The propeller thrust was 
equal to hull required thrust and the ship speed was constant. In section 2 only 
sail propulsion was used and propeller speed was adjusted to 112 rpm, being 
the propeller thrust negative. The available power to use in energy generation 
was -375 W in the axle of the prime mover and the vessel speed was 4.49 kt. 
Between WP2 and WP3 the wind thrust increase, the propeller set point was 124 
rpm and achieved ship speed of 5.22 Kt. In section numbered as 4, the ship had 
the highest wind thrust, the propeller rpm was adjusted to 151 rpm, getting 
speed of 6,07 kt with -909 W. For each device of the ship energy chain, i.e., prime
mover, power electronics, batteries, etc, efficiencies would be applied to get fi-
nal energy storage.
The differences in ship speed (kt) between sailing with zero propulsion thrust 
and sailing with energy generation in best rpm set point are represented in the 
figure 8. The speed reduction was regarding 10-11 %.
The maximum available energy for the proposed wind speed and course was 
0.924 kW over 8.1 nautical miles using previously calculated propeller optimum 
speed set points. For other thruster speeds, the obtained energy was less, being 
not much significant until 10 % rpm variation.

CONCLUSIONS
As conclusion of the presented work can be say that the proposed experimental 
course and wind condition were very useful to compare different generation 
strategies in the same scenario. The mathematical model of sailboat based on 
integrated model approach architecture is a powerful tool to reduce developing 
time in the hybrid sailboat design. The available power to use in energy genera-
tion is significant and useful to energy generation, incremented in longer tracks 
sailing under sail exclusively. This power was highly dependent of the propeller 
rpm operation set point. An advanced control algorithm is necessary to maxi-
mize energy generation. The ship speed variations due energy generation were 
significant, about 10 %. Presented energy recovery strategy, helps to reduce hy-
brid sailboat fuel consumption and emissions, without compromise navigation 
speed. The positive results obtained from these simulations will be continued 
capturing navigational data by means of instrumentation already installed on 
board training ship “Saltillo”. Tests at sea are going to be carried out on 2011.
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have been placed inside and outside the artificial reefs in two experiments, each 
with a particular function, as shown in the Figure 1.
On the first experiment, the detection range of transponder 2 is evaluated by 
hydrophones C and D. This set-up shows the high interferences caused by the 
artificial reef 1. In this case, C is able to detect sometimes the tag 2, meanwhile 
D is out of range. In this configuration, the mission of tag 3 is to check if hydro-
phones A, C and D are working well because all of them are inside the range. 
The location of tag 3 also permits to contrast the performance of detections 

Abstract- on this work, the performance, configuration and limitations in the field of 
an acoustic communication system to monitor marine species in artificial reefs has 
been studied and analyzed. The system described is composed by different hydro-
phones and acoustic transponders.
Keywords- hydrophones, acoustic communications, monitoring species, species 
tracking

I. INtrODUCtION
Advances on electronic technologies applied to marine applications have found 
new possibilities with the increasing offer of new miniaturized sensor and new 
types of wireless communications systems, which have opened a door to a new 
generation of distributed smart sensor networks, spatially or geographically 
disseminated in the environment. This is particularly interesting on these days, 
when 76 % of global fisheries stocks are currently over-exploited or exhausted 
and with risk of extinction if they are not managed correctly [1]. In order to help 
to prevent this, an adequate fishery management is imperative; therefore there 
is the need to increase the actual knowledge of the habits of the exploited species.
This paper is a contribution to previous works [2-4] in which different tech-
nologies and designs were presented, developed, and tested to monitor and to 
study the behavior of species. These techniques were developed for their use in 
laboratories or small aquariums, and present many drawbacks when are used 
in the field. The strength of acoustic communications technology respect the 
previous works is the cost and maintenance of the system versus the detection 
area covered, this is shown in Table 1.

II. OBjECtIVES AND DESCrIPtION
The objective of this work is to study and analyze the performance and configu-
rations of the hydrophones and the transmitters in artificial reefs, where interfer-
ence problems are present due to the echoes of acoustic signals [5]. The results 
from this work will be used in a future experimental campaign with green shell 
crabs (Carcinus maenas), which has the purpose to investigate living habits.
The monitoring system is composed by three transmitters and four hydro-
phones, located inside and outside two artificial reefs, close to the OBSEA un-
derwater observatory [6], which is located at a depth of 20m. The different ex-
periments - location of the transmitters and hydrophones - make possible this 
study.
The underwater system is based on Vemco’s commercial equipments. The trans-
mitter is the model “V6”, which operates at 180 kHz. This frequency operates well 
in both fresh and salt water, in a range of up to 200m. The most interesting fea-
tures of these kinds of transmitters are their size and weight (6mm of diameter 
and a weight of 0.5 grams in water), in addition to the possibility to program the 
latency of the emitting signal, which can be from some seconds to minutes. This 
feature allows extending the active life of the transmitter when the experiment 
requires long periods of time (up to one year sending pings every several min-
utes). The hydrophones are the autonomous Vemco VR2W-180.

III. ExPErIMENtS AND rESULtS
The system described has a maximum detection range of 200 m. The location of 
transponders and hydrophones will influence this range as well as the presence 
of interferences in the medium. In our case, it will be severely affected by the sig-
nal reflections on the artificial reefs, which are concrete cubes of 2.5x2.5x2.5 m.
In order to test the system, a set of three transmitters and four hydrophones 

features Ir barriers rfID Vision Acoustic comm.

Transponder or ID attach to the specie No yes yes yes

Cost Vs. detection area covered Medium Very High Medium/high Low

Maintenance High High Medium/ low Very low

Detection of multiple individuals No yes yes yes

Transponder battery life - unlimited - limited

Detection highly affected by the environment yes No yes No

considering the interferences by the reef
On the second experiment, the distribution of some transmitters and hydro-
phones has changed. Here, receptions of hydrophones B and D is tested, in 
order to evaluate detections of the externals transmitters. On this case, Hydro-
phones A and C are used to contrast the detections from outside the reefs. The 
distance between reefs is enough to inhibit the acoustic signals from transmit-
ters inside others reefs. 
Results of different tests confirm also that the position of hydrophones inside 
closed areas is critical, and in order to improve the reception performance it is 
advisable to place them as far as possible of the reef walls. These results will be 
used on a experimental campaign for monitoring species in the OBSEA area.
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SEAMON West is dedicated to geophysical monitoring and installed on the 
western edge of the Lucky Strike lava lake. It serves an instrument package 
developed by the Institut de Physique du Globe de Paris that combines a per-
manent pressure gauge and an ocean bottom seismometer. The geophysical 

Abstract - After a description of the near-real time monitoring infrastructure imple-
mented on the Lucky Strike hydrothermal field, at a depth of 1700 m offshore the 
Azores, this paper presents the recent technical advances that made this experiment 
successful. The technical results obtained to date are presented.

Keywords - Deep-sea observatory, Long term near real time monitoring, Experimen-
tal feedback.

INtrODUCtION
The MoMAR-D (Monitoring the Mid-Atlantic Ridge – Demonstration mission) 
project is one of the six missions selected by ESONET NoE* to demonstrate its 
partners’ capability of implementing and operating long term marine observa-
tories, from their design to their exploitation phases. The MoMAR observatory 
focuses on seafloor geological, chemical and biological processes occurring on 
the Mid-Atlantic ridge on the Lucky Strike vent field, located 200 nautical miles 
offshore the Azores at a depth of ¬ ~1700 m.

ExPErIMENt
The observatory was installed in October 2010 during the MoMARSAT cruise 
(see presentation by Sarradin et al.) and since then transmits, four times per day, 
observations from the seafloor to an onshore data-base. The infrastructure is 
complemented with different autonomous sensors throughout and around the 
vent field. Initially, the expected duration of the monitoring experiment was 
twelve months. The marine data acquisition and transmission infrastructure will 
be described, with an emphasis placed on the recent technical advances and 
key choices that made this experiment successful.
The marine infrastructure consists of two Sea Monitoring Nodes (SEAMON) lo-
cated on the sea floor, each serving a set of local sensors, and a surface buoy 
(BOREL). The role of this buoy is to relay the transmission to shore, via satellite, of 
the acoustically received seafloor measurement data. The two SEAMON nodes 
benefit from the same architecture. They provide their sensors with the means 
to record and transmit their measurements for one year: energy, measurement 
sequencing, local data storage, data transmission to the servicing submersible, 
remote data transmission, and protection against bio-fouling.

Fig. 1. General sketch of the near-real time monitoring system

sensor frame was lowered to the seafloor separately from SEAMON West, then 
electrically connected to it with an innovative underwater connecting device 

operated by the ROV Victor 6000.

On the other hand, SEAMON East was installed at the base of the 11 m active 
Tour Eiffel edifice, 600 m to the East of its sister SEAMON West. This node is 
dedicated to studying the links between faunal dynamics and physico-chemical 
factors. Seamon East is composed of a newly developed high definition video 
camera with associated Light Emitting Diodes, an Aanderaa optode (dissolved 
oxygen) and two in situ chemical analysers. All the sensors were fitted on two 
daughter frames installed on the SEAMON chassis and electrically connected 
to it on the ship deck. The frames were extracted from the node by Victor 6000 
after the whole module was lowered to the seafloor. We report the successful 
first time use of an underwater Wifi data link between the HD camera and the 
submersible, allowing real time in situ video streaming used to tune the camera 
from the surface control room.
Carefully installed within acoustic range of the two SEAMONs on the ocean sur-
face, the BOREL relay buoy comprises two independent and redundant com-
munication channels, each composed of a newly developed acoustic modem 
(Evologics GmbH, Germany) selected for its high energy efficiency, a local man-
agement unit and an Iridium modem (NAL Research Corporation, USA). The use 
of Iridium RUDICS (Router-Based Unrestricted Digital Interworking Connectivity 
Solution) service, associated to a specific data protocol allows efficient satellite 
transmission of a large amount of data, including a daily digital image. In addi-
tion to transmitting the periodic data flow from the sea bottom to the shore, 
the buoy allows the instant transmission of alarms from the seafloor and the 
modification from shore of the functioning parameters of the various observa-
tory components.

rESULtS
The technical results obtained at the date of the session (during and after the 
installation cruise) will be presented and discussed.
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Keywords:  seafloor observatory  methane seepage  multi-parametric

Methane-rich fluid vents have been widely observed and associated to active 
faults in the Sea of Marmara, along the submerged portion of the North Ana-
tolian Fault (NAF). Episodic gas seepage also occurs in the Izmit Gulf, along the 
NAF segment that ruptured during the 1999 Izmit earthquake. This site is thus a 
unique area to test the hypothesis on the relation between strike-slip deforma-
tion, seismic activity and gas expulsion within an active fault zone. A long-term 
multi-parametric experiment can be an effective way to study the irregular dy-
namics of gas emission from seafloor and to understand its possible relation 
with seismic activity. 
A benthic seafloor observatory (SN-4) was deployed in the Izmit Gulf in 2009 
using the R/V Urania as a demonstration mission in the framework of the EC ES-
ONET (European Seas Observatory NETwork) project. Instrumental redundancy 
and specific cross-correlation of data from different sensors, proves to be funda-
mental to distinguish actual seepage events from other signals related to ocean-
ographic behaviour or even sensor biases. The observatory was equipped with 
a three component broad-band seismometer, a CTD with turbidity meter, two 
methane detectors, an oxygen sensor and a current-meter. All sensors installed 
on the observatory were managed by dedicated low-power electronics, which 
can manage a wide set of data streams with quite different sampling rates. A 
unique reference time, set by a central high-precision clock, is used to tag each 
datum. After six months of continuous monitoring, SN-4 was recovered in March 
2010 in order to download the data and replace the batteries for a further six 
month mission period and finally recovered in October 2010.
The data analysis clearly shows frequent degassing events, recorded as methane 
anomalies in seawater and as high-frequency short-duration signals recorded by 
the seismometer.. The time series of other oceanographic parameters (tempera-
ture, oxygen concentration, turbidity and salinity) shows  patterns that seem to 
be linked to both local gas seepage and to the circulation of water masses in the 
Gulf of Izmit. A comparative analysis of the various observables and their mutual 
correlation, can be a key tool to understand  actual degassing events along the 
NAF. This analysis is first attempt in finding possible correlations between seis-
mic activity and gas release with a significant confidence level . 

Fig. 1 The SN-4 seafloor observatory

(below) Fig. 2 Six month time series, 
from October 2009 to March 2010; 
from bottom to top: methane (log. 
scale), turbidity, temperature and oxy-
gen concentration.
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Abstract – A fluorimetric sensor has been developed for determination of dissolved 
oxygen in natural waters. The sensor is based on the photooxidation of 2-acetyl-
pyridine picolinoylhydrazone (APPH) using oxygen and TiO2 as the catalyst. Firstly, 
the reaction mechanism has been studied. Secondly, an instrumental system for the 
determination of oxygen dissolved in water has been developed. Finally, the results 
obtained were validated by comparison with the Clark method.

Keywords –  Oxygen,  seawater,  photocatalyst,  fluorimetric,  sensor 

INtrODUCtION
Oxygen concentration is closely related to many important chemical and bio-
chemical reactions. Optical sensors have been developed as an alternative ap-
proach for O2 sensing. Several complexes with O2-sensitive fluorescence char-
acteristics have been used for the development of oxygen sensors measuring 
their fluorescence intensity or lifetime. Usually these optical oxygen sensors are 
based on collisional quenching by molecular oxygen of a fluorophore embed-
ded in a support matrix [1].
The photocatalytic oxidation of organic compounds in water has received much 
attention and TiO2 is used as a heterogeneous photocatalyst for this purpose. 
TiO2 is photoactive in the UV region (<400 nm) and is currently considered the 
most promising catalyst for air and water photocatalytic decontamination. 
Water and oxygen molecules are considered necessary for the photooxidation 
process. For aqueous TiO2 suspension system, it is believed that the *OH radi-
cals from hole-trapping by surface hydroxyl groups are the primary oxidizing 
agents, and oxygen is a scavenger for photogenerated electrons [2].

tiO2-APPH SENSOr AND DISSOLVED OxYgEN DEtErMINAtION 
A. Nature of the reaction
In the present study, an analytical methodology is developed to quantitatively 
determine the dissolved oxygen (DO) involved in the process of photooxidation 
of 2-acetylpyridine picolinoylhydrazone (APPH), using TiO2 as the catalyst. The 
reaction yields a fluorescent product which is read at 445 nm with excitation at 
365nm. APPH was prepared by condensation of equimolar amounts of acetyl-
pyridine and picolinoylhydrazide in absolute ethanol. The white product was 
filtered and recrystallized from ethanol [3]. APPH forms coloured systems with 
V(V), Ni(II), Co(II), Fe(II, III). Only the reaction with Ti(IV) gives rise to a fluorimetric 
system.
All attempts to find a stoichiometric relationship between Ti(IV) and APPH 
failed, because the fluorescence is not due to the formation of a chelate. Fur-
ther experiments have shown that aerial oxidation of the APPH occurs being 
catalysed by Ti(IV); in the photooxidation, oxygen acts an acceptor of photogen-
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erated electrons. The proposed mechanism of the catalytic reaction is:

Photocatalytic activation:  
TiO2 + UV (λex 365 nm)g h+ (VB) + e– (CB)

where h+(VB) and e– (CB) are a hole in the valence band and a photogenerated  
electron in the conduction band, respectively. 
Oxidation reaction: 

h+ (VB) + APPHgAPPHOX (Fluorescent, λem 445nm)
Reduction reaction:  

O2 + 2H+aq + 2 e– (CB)gH2O2

B. Preparation of the sensor and oxygen analysis
Before starting the calibration to determine the concentration of oxygen dis-
solved in water samples, the fluorimetric sensor is activated. Figure 1 shows the 
automatic system designed to activate the sensor and to carry out the analyti-
cal determinations. In first place, a small volume (100-300 µl) of a 40% aqueous-
ethanolic solution of APPH 0.017% (w/v) and Ti (IV) 50 ppbv is injected through 
the solid phase of the sensor (C-18 and cationic resin). Subsequently, it is ap-
plied Milli-Q water deaerated with nitrogen, and Milli-Q water saturated with 
oxygen, in order to obtain the instrumental zero (fluorescence 0.0) and the flu-
orescent intensity equivalent to 100% oxygen saturation, respectively. Once it 
is obtained the corresponding regression line (fluorescence versus % dissolved 
oxygen), fluorescence of samples is measured using the instrumental system 
described. Samples and standards are pumped at a constant flow (1-3 ml/min). 
Preliminary results show that the proposed method exhibits good correlation 
with the reference method of Clark with low relative errors.  Thus, at 20 °C and 
1 atm of pressure, the relative errors for 10, 30, 50, 70 and 90% oxygen satura-
tion were: -4, -0.33, -1.6, -0.71 and 0.8%, respectively (regression line: IF = 0,0923 
[DO] - 0,136; R2 = 0,9992).
Further experiments will be carried out using other solid phases in order to 
optimize the stability of the fluorimetric system and to improve the immobili-
zation of the APPH-TiO2 system with the aim of analysing a greater number of 
samples after the sensor activation.
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development and application of vision-based seafloor survey methodologies, 
including large area 2D mosaicing (>1sqkm), monocular-based 3D mosaicing, 
and stereo seafloor modeling. The developed tools set a first step towards de-
tecting and documenting the temporal variations associated with the active 
processes operating at these sites.
We will also illustrate the result of blending composite mosaics into a seamless 
high-resolution picture of the seafloor to provide a meaningful representation 
of the seafloor. Light attenuation, suspended particles (producing light scatter-
ing), strong parallax and frequent moving elements are typical in underwater 
imagery. Therefore, conventional blending techniques used in terrestrial imag-
ery are not always adequate in the underwater context. Finally, we also pres-
ent an approach to create accurate three-dimensional textured models of the 
seafloor using monocular video sequences. The method takes into account the 
geometry of the scene through a 3D vertex selection mechanism which results 
in a reduction in the complexity of the final 3D model, with minimal loss of 
precision.

Robot navigation and mapping has greatly advanced in the last few years as a 
tool for environmental monitoring and seafloor characterization. Seafloor imag-
ery is routinely acquired during near-bottom mapping surveys conducted with 
both remotely operated vehicles (ROVs) and autonomous underwater vehicles 
(AUVs). Deep-sea hydrothermal fields or shallow-water coral reef communities 
are, for instance, two scenarios that have long been the target of such studies. 
Imagery is useful to characterize the nature and distribution of geological fea-
tures and biological communities, extract ecological indicators, and to provide a
permanent visual record of the seafloor condition. However, imaging studies 
often yield large numbers of images (several tens of thousands, especially in 
deep-sea cruises) that are frequently underutilized largely because of the dif-
ficulties inherent in processing and visualizing large data sets. Moreover, light 
suffers from a rapid and nonlinear attenuation underwater that affects the ac-
quired images.
In this paper we will describe ongoing work at the University of Girona towards 
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UNdERWATER OPTICAl MAPPINg

The Eurasian-African plate boundary crosses the called "Ibero-Maghrebian" re-
gion from the San Vicente Cape (SW Portugal) to Tunisia including the south 
Iberia, Alboran Sea, and northern of Morocco and Algeria. The low convergence 
rate at this plate boundary produces a continuous moderate seismic activity of 
low magnitude and shallow depth, where the occurrence of large earthquakes 
is separated by long time intervals. In this region, there are also intermediate 
and very deep earthquakes. In this area there are several seismic networks de-
ployed, as for example the WM BB network. But, due to the fact of that many 
events are located at marine areas and the pour geographic azimuthal cover-
age at some zones provided by land stations, earthquakes parameters (location, 
depth,…) are poorly determined. To solve these problems, two ROA initiatives 
have been funded by the Spanish “Ministerio de Educación y Ciencia”: The ALBO 
project (RIOA05-23-002) and the FOMAR net project (CGL2005-24194-E), both of 
them supported by Spanish Navy.
The ALBO project aims to install a permanent ocean bottom observatory in the 
surroundings of the Alboran island. This submarine observatory was installed 
about 1800 meters away from the island on the ocean bottom, with a 46 meters 
depth, and linked to the surface by a fiber optic submarine cable. The surface 

equipments, installed on land, collect all data and transmit them to ROA by Navy 
intranet facilities and by satellite. In the submarine part several instruments have 
been deployed: a broad band seismic sensor (CMG-3T BB) and a pressure gauge 
are integrated in the Güralp system, but also a current meter will be installed in 
the future. Also, several TCP-IP connections and power are available for future 
additionally instruments. Complementary on the island, a permanent geodetic 
GPS station and a meteorological station are installed. The Alboran island is de-
clared as a Natural Park and also as an underwater reserve, so authorizations for 
the installation was needed from several autonomic and national institutions.

The FOMAR net project consists to deploy three long term temporal OBS’s at 
the Gulf of Cádiz and Alborán sea. The OBS’s were manufactured in KUM Labo-
ratories with a BB seismic sensor (CMG-40T), an Hydrophone (HTI-04-PCA/ULF) 
and a KUM compass for orientation, and the recorder is a GEOLON-MCS (manu-
factured by SEND). All system is contained in titanium pressure tubes including 
batteries. First deployment was carried out past April.

The actual situation  of both projects is shown in this work.
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Abstract - Sampling was performed at points in the Bay of Cádiz in order to obtain 
activity ratio 234U/238U and the concentration of U in each of the sampling points. 
These samples were analyzed through ICP-MS (Inductively Coupled Plasma Mass 
Spectrometry) [1]. The results indicate that many of the activity ratios are very close 
to the seawater ratio. The U concentrations are very similar to those expected for 
average seawater, though some stations are evident lower.

Keywords: ICP-MS, 234U/238U activity ratios, coastal aquifers, SGD.

INtrODUCtION
Recently there has been a growing interest in knowing the concentration of 
various radionuclides that can affect directly human health [2]. There are few 
studies of this kind in the area of the Bay of Cádiz, SW of Spain. Therefore, we 
fell necessary to study and establish existing levels of U and 234U/238U activity 
ratios in water from wells in this area. From this, in a future work, we will also 
characterize submarine groundwater discharge (SGD) in this zone [3]. 

MAtErIALS & MEtHODS
Several seawater and groundwater samples (500 mL) have been taken with the 
aim of estimating the 234U/238U activity ratios and U concentrations in Cadiz 
coastal zone. 
By ICP-MS techniques a solution of U prepared from modern coral (exhibiting 
a seawater ratio of 1.148 ± 0.002) was used as a control to correct for the ob-
served mass discrimination. Three blanks (composed of deionized water) were 
prepared and analyzed along with the samples. The analyses of these blanks 
reveal no significant contribution in either the activity ratio or the concentration 
data though appropriate blank subtractions. 

rESULtS AND DISCUSSION
Given that the accepted AR234/238 value for seawater is 1.148 ± 0.002 and the 
one-σ uncertainties in U concentrations are conservatively estimated as ± 0.05 
μg/L, the detection limit for determination of U in water by this procedure (after 
100x dilution) is about 0.02 μg/L. 
Obtained results indicate that many of the activity ratios are very close to the 
seawater ratio. The range of obtained values ranged from 1.135 ± 0.015 to 1.336 
± 0.030. In the case of wells present in coastal aquifers, it has been found that are 
apparently exhibiting ratios slightly higher than seawater, though this could be 
clarified with more precise data. 

CONCLUSIONS
The U concentrations are very similar to those expected for average seawater, 
though in wells closest to the coast are evident lower.
There is some evidence of the existence of submarine groundwater discharge 
(SGD) based on the hydrologic input-output balance performed in the area by 
the Spanish Geological Survey.
Future work include the comparison of the obtained results with radio isotopes 
data and re-performing these measurements with greater precision making a 
new laboratory protocol and interpret these data against the general objectives 
of the    seawater – groundwater mixing research.
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Sample Id. Ar234/238* U (mg/L)**

1 1.143 ± 0.013 3.34

2 1.148 ± 0.013 3.36

3 1.149 ± 0.010 3.37

17 1.158 ± 0.003 3.39

4 1.151 ± 0.007 3.38

5 1.149 ± 0.011 3.39

6 1.155 ± 0.011 3.52

7 1.154 ± 0.018 1.10

8 1.215 ± 0.013 2.17

18 1.216 ± 0.009 2.28

9 1.181 ± 0.010 2.91

10 1.167 ± 0.008 3.23

11 1.135 ± 0.015 3.45

12 1.336 ± 0.030 1.22

*The accepted AR234/238 value for seawater is 1.148 ± 0.002.
**The one-σ uncertainties in U concentrations are conservatively estimated 
as ± 0.05 μg/L. The detection limit for determination of U in water by this pro-
cedure (after 100x dilution) is about 0.02 μg/L.

Table 1. AR234/238 and U concentrations for each of the sampling stations
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Abstract – Face to the increasing tendency of extreme sea hazards’ intensity and 
disasters’ losses, this paper proposes an uncertainty analysis method for fixed off-
shore platform response. The multivariate compound extreme value distribution 
model and uncertainty analysis are used to predict the extreme sea state and deck 
elevation. Compared with API and DNV recommended practice, the prediction suf-
ficiently demonstrates the new method’s rationality and security.

Keywords –Climate Change; Global Uncertainty Analysis; Multivariate Compound 
Extreme Value Distribution

In 2005, Hurricane Katrina and Rita triggered disastrous damage to New Or-
leans, and resulted in hundreds of destroyed and damaged platforms. Face to 
the increasing tendency of extreme sea hazards’ intensity and disasters’ losses, 
the lesson from 2005 disasters showed that some ambiguous definitions recom-
mended by API and DNV must be taken into account.
In this paper, the combined effect of climate change induced extreme sea haz-
ards and global uncertainty analysis of environments in offshore platform de-
sign are studied and some design code calibration are made as follows.
   1.Typhoon/hurricane induced sea hazards such as wave, wind, surge, current 
combined design loads are the most important factors for platform stability, reli-
ability and deck elevation. Due to the complexity and randomness of sea haz-
ards, the data series have to involved the different kinds of uncertainties: meth-
od-model uncertainty; data sampling uncertainty; statistical uncertainty[1]. The 
different coefficient variation of uncertainties COV and confidence intervals can 
be obtained of statistical analysis.
   2. The Global Uncertainty Analysis (GUA), Global Sensitivity Analysis (GSA)[2] 
as main tools can be used for input sea environments with uncertainties and 
corresponding sensitivity of structure responses. Through the forward-feedback 
process for input-output with uncertainty- sensitivity analysis, the more reason-
able responses can be obtained. (See Fig.1)
   3.Multivariate Compound Extreme Value Distribution (MCEVD) was firstly pub-
lished in US ASCE journal as Compound Extreme Value Distribution (CEVD)[3] 
and 1982 used for long term prediction of hurricane characteristics along Gulf 
of Mexico and Atlantic coasts[4]. Since 2005 hurricane Katrina and Rita disasters 
proved accuracy of 1982 predicted hurricane characteristics and after disaster 
calculated results by MCEVD[5,6,7], it stands to reason that MCEVD is a practi-
cable model for prediction of typhoon/hurricane/ tropical cyclone induced ex-
treme events. In this paper the MCEVD with GUA, GSA and the effects of global 
climate change (sea level rise and typhoon/hurricane increasing tendency)[8,9] 
is used to calculate the extreme sea environments responses and deck elevation 
of jack-up platform in South China sea .
   4. Comparing different design loads standards, this paper gives four definitions 
about the design extreme loads (See below), takes a Jacket platform with 30m 
design depth of water as example, and analyzes the maximum structural stress 
and deformation with different design standards.
    (1) Traditional Design Method: 100-yr. return period wave height combined 
with associated wind and current. 
    (2) Single Factor Method: 100-yr. return period wave height combined with 
100-yr. return period wind speed and 100-yr. return period current speed
    (3) MCEVD design method: MCEVD considers the correlation among the fac-
tors and takes the simultaneous wave, wind and current as design criteria, so it 
can give the real “100-year” sea state.
    (4) GUA design method: Based on MCEVD: 100-year sea state is defined by 
taking account of the influence of climate change and other uncertainty factors. 
   5. Comparison between our proposed method and API, DNV and china design 
code recommended method[10,11] shows: The result by our method is more 
reasonable(See Table 1,2) and it also can be proved by 2005 Gulf of Mexico some 
damaged platforms [12]. 

Fig.1. Application of GUA and GSA to defense code calibration
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Abstract- This work presents a multi-sensing node architecture designed and imple-
mented for water quality assessment. The sensing channels of each measurement 
node include temperature, conductivity and turbidity measuring data. Particular 
design of the sensing devices, software implementation on the base station, as so 
as the periodic calibration of the sensors followed by upgrading of voltage to water 
quality conversion algorithms, through the data stored on a SDcard, assures high 
measurement accuracy. Using a 2X RS232 to Ethernet converter and a Ethernet 
bridge, the data from the WQ measurement node and the node localization, deliv-
ered by a GPS unit, is wirelessly transmitted to a base station. Embedded software 
was developed for the PIC18F4520 microcontroller using the MPLAB C Compiler 
for 18MCU Microchip implements data acquisition, SD card data reading, primary 
processing, and data communication. Additional LabVIEW software implemented 
on the base station level includes data communication, data logging and graphical 
representation of the WQ data from selected monitoring nodes.

Keywords: water quality monitoring, embedded systems, conductivity, turbidity, 
temperature

INtrODUCtION
Water is essential to human life and health, as well, to ecosystem preservation. 
Water quality (WQ) is commonly defined by its physical, chemical, biological and 
aesthetic (appearance and smell) characteristics [1].
To perform water quality assessment, different parameters are measured using 
field measuring systems with multi-channel sensing capabilities such Quanta 
Hydrolab and Seabird SBE 25 that are expensive equipments with proprietary 
software for remote control and data management. The main measured param-
eters are usually pH, conductivity, temperature, dissolved oxygen and turbidity, 
but different low cost measurement solutions, supported by friendly software, 

are reported by different authors [2][3]. Different architectures regarding distrib-
uted systems for water quality assessment were implemented by the authors 
and significant results were published during the last 10 years [4][5]. 
Considering the importance of the WQ parameters, the aim to develop water 
quality sensing nodes that are part of the design and implementation of Sado 
Estuary water quality monitoring network, is an important issue. This paper pres-
ents a low cost architecture for a WQ multi-sensing node based on a PIC18F4520 
microcontroller and a set of WQ sensors developed in laboratory that associated 
with electrical conductivity, turbidity and temperature measurement. 

MULtI-SENSINg NODE ArCHItECtUrE
The multi-sensing node architecture was designed to permit the measurement 
of an extended number of water quality parameters and presented in Figure 1. A 
low cost microcontroller is used to perform acquisition and digital control tasks 
associated with temperature sensing channel (TS), conductivity sensing chan-
nel (CS) and turbidity sensing channel (TUS). Appropriate conditioning circuits 
(Tcc, Ccc and TUcc) were developed as part of them receiving controls from the 
microcontrollers through DIO or PWM. Different communication interfaces of 
the microcontroller are used to transmit the primary processing data (UART) or 
to read the WQ conversion coefficients stored on the SDcard memory (SPI).
 
A. Sensors and Conditioning Circuits
The system sensors are a temperature sensor (TS) based on a NTC thermistor, a 
two-electrode conductivity sensor (CS), and a modulated four beam infrared (IR) 
turbidity sensor (TUS) [6]. The conditioning circuit used to convert the tempera-
ture variation T of the thermistor into a voltage, VT, acquired by the acquisition, 
primary processing and communication unit includes a voltage divider with low 
tolerance resistors, a voltage follower, a differential amplifiers and an inverter 
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Wave (m) Wind (m/s) Current (m/s) Phase angle Max DOF (m) Max Stress (MPa) Joint Return 
period (yr)

1 8.63 39.90 1.24 58º 0.3088 0.118e9 150

2 8.63 56.04 2.37 58º 0.5146 0.194e9 500

3 6.91 45.86 1.50 58º 0.2355 0.927e8 100

4 8.72 45.86 1.50 58º 0.3507 0.133e9 180

Table 1. Comparison of calculated results by different definitions

Table 2. Comparison of calculated results by traditional addition method and MCEVD

Traditional addition 
method

Hs (m) Crest height with 100 
return period yrs (m)

Surge with 100 return 
period yrs (m)

Tide &
Air gap(m)

Deck elevation above 
LAT(m)

5.53 3.69 1.85

2.45+1.5

9.49

MCEVD
method

Joint probability of 100-yera return period

Hs (m) Crest height (m) Surge (m)

5.18 6.22 0.61 10.78

MCEVD (GUA) 6.53 7.84 0.61 12.40
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The conductivity conditioning circuit is based on a monolithic integrated circuit 
function generator XR-2206 that provides the AC excitation signal applied to the 
conductivity electrodes. The measurement of the conductivity cell impedance 
was done using different frequencies of the AC excitation signal. Good results 
were obtained for a frequency around 10 kHz and a 6 Vpp signal amplitude. 
Considering the conductivity dependence with temperature, a temperature 
compensation algorithm that uses the voltage values acquired from the tem-
perature (VT) and conductivity (VC) measurement channels was implemented at 
the microcontroller level.
The architecture for the turbidity sensor includes a set of two IR LEDs (LED1 and 
LED2) and two infrared photodiodes (PD1, PD2) [6].  A pulse-width modulation 
signal is used for current drivers control to assure appropriate current for bet-
ter sensitivity of the optical turbidity measurement cell. Thus, by varying the 
duty cycle of the control signal output by the microcontroller PWM1 ports, and 
using fc=1Hz low pass filters followed by voltage-to-current converters, exci-
tation currents up to 60mA are obtained, which guarantees a high optical ex-
citation power for low range turbidity measurement values (0-100NTU). When 
higher values of turbidity are expected the measurement range is automatically 
changed through the usage of reduced value of duty cycle of the PWM signal 
meaning low excitation current applied to the IR LEDs. The sets of voltages ob-
tained from PD1 and PD2 for two measurement phases (LED1=on, LED2=off;  
step2: LED1=off, LED2=on) are used to calculate the TU values by the micro-
controller. 

B. Microcontroller and Interfaces
The multi-sensing node architecture is based on PIC18F4520 microcontroller 
that includes a set of three A/D converter channels (AN0, AN1, AN2) with a 10bit 
resolution. Additionally, microcontroller’s digital lines (DIO0) are used to control 
the CCc, and PWM1 port is used to control the CCTU . Taking into account the 
nonlinearity of the conductivity measuring channel, a voltage to conductivity 
conversion algorithm was implemented based on 3rd order polynomial model 
that was calculated using the experimental characteristics of the conductivity 
measuring channel VC=VC(CSi) [uS/cm]. A. linear temperature compensation CT 
= CTcal (1+a·(T-Tcal) ) was used to normalize conductivity measurements for a 
temperature equal to 25 ºC (T current temperature, Tcal reference temperature, 
usually equal to 25ºC, a -temperature coefficient that is about 0,02 for salt water 
solutions). 
The turbidity calculation is based on acquisition of the V11, V21, V12, V22 voltages 
using the AN2 and AN3 microcontroller analog inputs. The absorbance compen-
sated TU measurement values are given by [7][8]:  
where C0TU and C01TU are the values of the coefficients that are obtained 
in the calibration phase when different formazine standard solutions (e.g. 

TUS1=20NTU, TUS2=80NTU) are used. The calculated WQ values are transmitted 
through RS232 communication on the NetBurner SB72-EX low cost, high perfor-
mance Serial-to-Ethernet converter that receives the information from the GPS 

Figure 1. WQ multi-sensing node block diagram (TS-temperature sensor, CS 
– conductivity sensor, TUS- turbidity sensor, Tcc- temperature conditioning 
circuit, Ccc – conductivity conditioning circuit, TUcc – turbidity conditioning 
circuit, Netburner – 2XRS232/Ethernet bridge)

module. Using a Wireless Ethernet Bridge from MaxStream [9] the digital values 
of the WQ parameters are transmitted to the base station. A LabVIEW software 
implemented by the PC assures data reading, and advanced processing of the 
WQ values (e.g. temperature compensation and short time data prediction), 
data storage and a WQ database that can be used to generate dynamical WQ 
web pages [10].  

RESULTS AND DISCUSSIONS
To obtain the parameters associated with the inverse models of WQ measure-
ment channels that permit the conversion of the acquired voltages into WQ lev-
els (e.g. voltage to temperature conversion, voltage to water conductivity con-
version, voltage to turbidity conversion) an experimental work was done. Using 
a temperature controlled oven, a set of five temperatures were imposed in the 
5ºC to 25ºC interval and the linear approximation of temperature measure-
ment channel characteristics were obtained. The inverse modeling of the water 
conductivity measuring channel was done using a set of conductivity standard 
solutions from Oakton (CSS1=84uS/cm, CSS2=1413uS/cm, CSS3=2784uS/cm, 
CSS4=15000uS/cm). The acquired voltages were used to extract the polynomial 
approximation of CTcal=CTcal(Vc) characteristic. 
Regarding multi-sensing node evaluation, different tests were performed to 
verify measurement accuracy taking as reference measurements delivered by a 
Quanta Hidrolab reference multi-parameters’ probe. In this moment the team is 
working to develop an improved version of Geographic Information System [10] 
implemented on the base station level that receives data from the implemented 
multi-sensing node. 

IV. Conclusion
A microcontroller based architecture for water quality multi-parameters sensing 
node was designed and implemented. The temperature, conductivity, and tur-
bidity sensing channels were designed and implemented and different labora-
tory tests were carried out. The embedded system assures the control and data 
communication associated with WQ quantities that are transmitted to a PC that 
performs data processing, data storage and data representation tasks. Through 
calibration and using appropriate inverse models for the measuring channels 
characteristics, accurate values of WQ measured quantities were obtained. El-
ements of system calibration, inverse modeling and base station software are 
part of the final version of the paper.  
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The lack of affordable, self-sustaining platforms for monitoring marine water 
quality means that measurements are done primarily through grab sampling 
at a limited number of locations and time, followed by analysis back at a cen-
tralised facility.  This has resulted in huge gaps in our knowledge of water qual-
ity.  This project aims to develop platforms capable of remote sampling and 
analysis over extended periods of time. This would provide the building blocks 
for establishing an 'environmental nervous system' comprised of many distrib-
uted sensing devices that share their data in near real-time on the web. The 
envisaged 'environmental nervous system’ allows marine environment to be 
closely monitored, enabling the early detection of pollution events to minimise 
the danger to people and contamination of distribution systems.
This work is undertaken by the Marine and Environmental Sensing Technology 
Hub (MESTECH) which is formed by a multidisciplinary team of researchers with 
expertise in analytical science, sensor development, and visual imaging to the 
development of innovative technology solutions for the marine environment. 
This project is part of a marine focus initiatives called Beaufort marine research 
awards funded under the Marine Research Sub-Programme of the Irish National 
Development Plan 2007–2013. These awards anticipate to significantly develop 
overall Irish research capacity with a view to positioning Ireland’s marine sector 
within a global knowledge-based economy.

This paper presents the technological developments that are essential for de-
ployable sensing systems for monitoring marine water quality such as water 
turbidity, nutrient level, toxic algae etc within this Beaufort Marine research 
project. Important challenges associated with field-deployable sensors in ma-
rine environment are addressed. These include biofouling, wireless communi-

(left) Figure 1. The Beaufort project adopts an integration 
approach for developing marine sensing network.

(right) Figure 2. Microfluidic based autonomous nutrient 
analyser.
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cations, data handling & analysis and power management etc. Research works 
involved are summarised below and shown in Figure 1:
   • Anti- biofouling surface – Inspired by nature, synthetic surfaces with anti-
fouling properties were developed by mimicking the surface micro structure of 
living marine creature such as shark and crab.
   • Micro-separation technologies for simultaneous separation and detection 
of multiple target species within marine samples – low pressure micro column 
packed with surface modified monoliths were developed for rapid separation of 
ions and heavy metals.
   • Sensor network based on visual sensing to monitor the coastal marine envi-
ronment – Powerful tool for environmental monitoring can be realised by using 
camera based sensing technology combined with weather information readily 
available.  Monitoring of eustuary/ river water level combining information such 
as rainfall, temperature….etc. gives accurate prediction of water level and can 
be used as warning system for flooding. 
   • Develop highly stable and specific antibodies for detection of marine based 
biotoxins – Novel antibodies for biotoxin were developed for bioassay. 
   • Microfluidics based autonomous instrument for nutrient analysis – Autono-
mous wireless nutrient analyser based on microfluidics has been developed for 
long term field deployment (see Figure 2). This instrument is the centre piece 
where other sensing techniques would be incorporated in the future to realise 
multi-analyte analyser.
   • Low cost optical sensing devices for water quality monitoring – LED based 
sensor for colour and turbidity measurement.
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The static equilibrium configuration of the cable is determined by using the 
followings assumptions:
   a) The hydrodynamic flor is stationary, with a know profile 
   b) We neglect the tangencial component of the hydrodynamic force. 
   c) The weight of the water displaced by the buoy is constant.

2. MAtErIALS
A surface buoy Galicia model was selected. This buoy has a depth of 2.20 me-
ters and a reserve buoyancy of 140 kg. It is constructed of polyethylene and 
its underwater part can be approximated to a cone. On the buoy was installed 
brand GPS JAVAD with ability to record positions with differential corrections. 
Anchoring current profiler allows to study variations in the speed with depth. 
Stranded to the fiber rope, were installed three pressure sensors that recorded 
the vertical displacements. The cable geometry resulting from this computa-
tion is then compared against known displacements.

3. Bibliogrphy
Berteaux H.O..Buoy engineeering. NY:John wiley and Sons. 1976
Matuela I and Talmaciu N. Static and dynamic análisis of flexible system for hy-
drocarbure transfer, In: Proc. 5th internacional conference on a marine science and 
technology. 2000 p. 43-7.

Abstract - This paper presents the study of a surface buoy that is anchored to the 
bottom with an elastic line. The buoy incorporates GPS sensor that record the move-
ment. We investigate the downstream excursión of the buoy inmersed in a current 
which vary with depth. A numerical model has been developed to support the pre-
diction of the equilibrium configuration in an offshore operation condition. The in-
stallation of a current meter yielded information on the vertical variation of current 
velocities.

Keywords: buoy, elastic line 

1. INtrODUCtION
The great majority of the oceanographic surface buoy systems have only one 
anchoring point. Cost efficiency and easy of implantation result from their 
simple configuration. The size, shape and material of the buoy vary with the 
requeriments and the depth where it is instaled. The scope of the mooring line 
was large. A small scope present the disadvantages of high dynamic loading 
due to wave action and high static tension under strong current conditions. The 
high stress are reduced when the scope of the mooring line is increased. How-
ever, the motion of the flota and the sensor are large. 

Juan Vidal
departamento de Física Aplicada, Universidad de Cádiz. 

STUdY OF THE VERTICAl dISPlACEMENT OF THE OCEANOg-
RAPHY SURFACE bUOY INMERSEd IN A CURRENT FOR A SNACK 
MOOR WITH ElASTIC lINE IN bAY CAdIz

Abstract
Buoys and floats provide the buoyancy necessary to adequately support the an-
choring lines and the system instrumentation and ancillary equipament. This paper 
introduces laboratory results and experimental measurements in order to predict 
the behaviour of mooring system with a sunfish-shaped buoy. The model is vali-
dated by analyzing the vertical displacement and angle of inclination of a moor-
ing with a current profiler. A second current meter, with the same characteristics, is 
placed on the seabed. Errors due to inclination of the instrument is obtained by the 
difference in measures.

Keywords: Drag coefficients, Buoy, Mooring line.

1. INtrODUCtION
Oceanographic moorings are componed of instruments, cables or ropes and 
buoyancy elements. The inclination of oceanographic mooring lines due to cur-
rent drags causes errors in time series observations of oceanographic variables 
such as currents, salinity or temperature. Mooring design require studing the  
minimum buoyancy to keep the mooring line straight in the vertical. The degree 
of inclination of the mooring line is critical in the error of the measurements 
of the instruments. When mooring lines reach very high inclinations, some 
measuring instruments begin to measure wrongly or measures are subject to 
large vertical variations which may create uncertainty in the measurement. In 
the case of the current meters, which need a compass to determine the cur-

rent direction, this angle limits the validity of the measure. Typically, the buoy-
ancy elements are spherical or cylindrical shapes. Buoys and floats provide the 
buoyancy necessary to adequately support the anchoring lines and the system 
instrumentation and ancillary equipament. The size, shape, and material of the 
buoy vary with the mooring requirements and the implantation depth.

2. ExPErIMENtAL MEtHOD
When a buoy is in a viscous fluid it experiences a gravity force, W, a buoyant 
force, B, and a resistance force, FD. The gravity force is constant and acts in the 
downward direction, the buoyant force is also constant and acts in the upward 
direction, the resistance force, however acts against the direction of motion and 
is an increasing function of the speed of the object. The drag force, FD, consists 
of friction and pressure forces as a result of tangential and normal stresses act-
ing on the surface of the elements.. The resultant force is obtained by integrat-
ing the shear and pressure stresses over the area of the element and is called the 
resistance force. This force has two components called drag in the direction of 
flow and lift in the direction normal to the flow (Randall,1997). The drag force is 
primarily form drag and can be expressed as,

              (1)

where FD is the drag force, Cd is a dimensionless drag coefficient, ρ mass density 
of the fluid, A is the frontal area of the body exposed to the flow and V rela-
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tive velocity. The drag coefficient is a characteristic dimensionless number for 
a body, depending on the Reynolds number Re and the direction of the cur-
rent with respect to the body. Drag coefficient curves for spheres and flan plates 
are often described in reports of fluid mechanics (Lamb, 1932; Hoerner, 1965;  
Pierson et al, 1960). When a body heavier than water is left free to sink, it first 
accelerates under the action of gravity. As its speed increases, its immersed re-
sistence, Fd, increases. Sooner or later the external forces on the body are equal, 
and the body sinks with a constant terminal velocity. The balance of the forces 
at the time is

                      (2)

where W is the weight of the body and B is the buoyancy of the body. The ter-
minal velocity is

      (4)

when the drag coefficient for the particular body shape is highly sensitive to Re 
number, then the problem must be solved by trial and error. The terminal ve-
locity is first assumed, the corresponding Re number and coefficient Cd found, 
and a first computation of the terminal velocity made with this value of Cd. If 
mooring line is inclined from vertical due to horizontal currents forcing, the pro-
cedure proposed in this paper is equivalent to that described above where the 
balance of forces over the buoy is

                      (5)  
      

where T is the tension of the cable and  is the inclination of oceanographic 
mooring line. AN is the frontal area of the buoy.The float is fixed to the bottom as 
shown in Figure 1. A short piece of wire of small section, inelastic and negligible 
mass is used. The cable bending stiffness and the torsion stiffness are neglected. 
When equilibrium is reached, we can obtain Cd as

               
      (6)

The drag force is assumed to act through the centroid of the projected area, AN 
(Randall, 1997). For cables the normal and tangencial forces are commonly as-
sumed to be proporcional to the square of normal and tangencial velocity com-
ponents respectively, with corresponding drag coefficients CDN  and CDT taken 
constant and indepent of the angle to flor direction (Finke and Sielder, 1985). 
In this case drag forces are componed of normal and tangencial components. 
As a simplifying assumption, the procedure does not calculate lift for the ele-
ments in the mooring.The experiment is performed in a tidal channel with little 
depth and width. An ADCP current meter is installed on the bottom records the 
flow velocity, V, during the experiment. The pitch sensor that incorporates the 
current meter records the angle of inclination. The analytical study of mooring 
systems behaviour is done by Mooring Design and Dynamics (MDD) software. 
MDD is a set of Matlab® routines that can be used to assist in the design and 
configuration of single point or single anchor moorings and the evaluation of 
mooring tension and shape under the influence of current (Dewey, 2007).  

3. tHE tEStED MOOrINg COMPONENtS
As a flotation was selected special buoy, designed by Innova Oceanografía Lito-
ral S.L ,with  the shape of sunfish to reduce the drag force. For this body the 
smallest drag is obtained when the long axis is parallel to the flow direction and 
the blunter end is heading upstream (Fig 2). The mooring line is completed with 
a short rope and a heavy anchor.

Figure 1. Forces acting on a buoy

Figure 2. SSBO buoy
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HiPRwind (read "hyperwind") is an EU project introducing a new cross-sectoral 
approach to the development of very large offshore wind turbines. Focused on 
floating systems, this 5-year pan-European R&D effort will develop and test new 
solutions for enabling offshore wind technologies at an industrial scale. The 
project is designed with an "open architecture, shared access" approach in that 
the consortium of 19 partners will work together, in a collaborative way, to de-
velop enabling structural and component technology solutions for very large 
wind power installations in medium to deep waters. Results of general interest 
will be shared within the broader R&D community working on future wind en-
ergy solutions.
A central outcome of HiPRwind is to deliver a fully functional floating wind tur-
bine installation at approximately 1:10th scale of future commercial systems, 
deployed at real sea conditions. This research & testing facility, a world's first, 
will be used to research new solutions and generate field data. The project will 
address critical issues of offshore wind technology such as the need for extreme 
reliability, remote maintenance and grid integration with particular emphasis 
on floating wind turbines, where economic and technical weight and size limita-
tions of wind turbines and support structures can be overcome.
As can be seen in Figure 1 and Figure 2, prepared by Acciona and 1-TECH in the 
context of the project MARINA Platform, the offshore wind resource available in 
shallow waters is very limited and it is needed to find solutions for deepwater 
areas.
Innovative engineering methods will be applied to selected key development 
challenges such as rotor blade designs, structural health monitoring systems, 
reliable power electronics and control systems. Built-in active control features 
will reduce the dynamic loads on the floater in order to save weight and cost 
compared to existing designs. HiPRWind will develop and test novel, cost effec-
tive approaches to floating offshore wind turbines at a lower 1-MW scale.
In this way, the project will overcome the gap in technology development 
between small scale tank testing and full scale offshore deployment. Thereby, 
HiPRwind will significantly reduce the risks and costs of commercialising deep 
water wind technology. The HiPRwind project will make use of existing test lo-
cations which offer a favourable permitting situation and infrastructure such as 
grid connection and monitoring facilities already in place.
The main aspects that the project will deal with are:
- Design of the floating support structure and its moorings system. 
-Construction of the full demonstrator unit, its assembly at port facilities and 
installation at the offshore test site.
- Critical aspects of the floating wind turbine, such as the structure and its sys-
tem dynamics, the controller, condition and structural health monitoring sys-
tems, and the rotor based on innovative blade designs and features. 
- High reliability power electronics will be designed, assembled and tested in 
the lab at a multi-MW scale. 
 The project also has dedicated work for dissemination and Intellectual Prop-
erty Rights exploitation, addressing also non-specialist and non-technical target 
groups, as well as project management drawing on both research and industry 
consortium members.
The full impact of the HiPRwind project will be ensured by the strong and close 
collaboration of participating best-in-class industrial and R&D players in the 
maritime and wind energy sector with a strong background on successful in-
dustrial development in harsh environments.
HiPRWind is a collaboration between nineteen partners from all around Europe. 
This research project has received funding from the European Union’s Seventh 
Framework Programme [FP7/2007-2013] under Grant Agreement Number 
256812.

Figure 1: Simplified European Bathymetry

Figure 2: Wind speed areas in the same area.



A study of the potential for ocean energies in the southern Spanish region of 
Andalucía is reported, using state-of-the-art methods for characterization of the 
resources and a comprehensive analysis of the technology status in this emerg-
ing field. The study shows that the tidal/marine current potential in the Straits 
of Gibraltar is a world-class resource, with a theoretical power capacity of up to 
7 Gigawatt, GW. Even if only a small fraction of the resource can be extracted, 
as is likely, it would still rank among the most important sites in the world for 
tidal/marine current energy. It is considered that this resource, combined with 
proximity to the grid and to major power consumers, could be large enough 
to attract companies to customize or develop novel technological solutions for 
the resource.
A detailed physical and bathymetric description for the entire coast of Andalusia 
has been created, drawing on scientific competence at the University of Cadiz, 
Department of Physical Oceanography.

The results obtained were
1. Mapping of the tidal current resource.
2. Technological and non- technological determining factors; 
3. Review of energy conversion technologies and maturity.
4. Applicable legislation and regulations.
5. Techno-economic viability methodology and case study.
6. Potential for Andalucía’s economic development.

The mean peak current distribution map obtained for the Straits is seen on Fig. 
1. The areas of concentrated energy are clearly seen and are caused by a com-
plex interaction of the outflow (westwards) of the colder and denser deep Medi-
terranean waters and the tidally influenced flow of the warmer Atlantic surface 
waters, both in turn being controlled by the complex bathymetry.
The energy in marine currents depends on velocity to the third power, P ~ Vc3; 
thus, accurate and localised measurements of flow are required in order to es-
timate the energy that can actually be extracted. Most converters under are 
designed for flows of more than  2 m/s, however, very large water areas in the 
Straits are flowing at velocities of 1.5 m/s or higher, so there should be many 
locations to consider for ultimate commercial installations.
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EnerOcean has verified with the help of University of Cádiz that the models are 
accurate and that the values for selected places are in line with these verifica-
tions into the Q-Sail project.
Among the other technological determining factors for tidal/marine currents, 
the range of depths and the slope and nature of the seabed were found im-
portant. Various non-technological determining factors need to be taken into 
account as well, such as protected areas, shipping, fisheries and other uses of 
maritime space, undersea cables, pipelines etc. For the Straits, detailed sea-use 
maps have been prepared to show the location of such complementary activi-
ties and aid in delineating possible exploitable sites.
For a case study, a site was identified near (but not inside) one of the most con-
centrated areas, which is outside of all natural parks, fishing zones and mari-
time traffic routes. The sea bed here is rocky, relatively flat, and the modelled 
tidal currents show modest velocities but with a favourable directionality.
A model was created for techno-economic analysis of tidal current installations, 
and used for the site and a hypothetical installation of a novel technology. This 
case study illustrates the possibility for developing a tidal site in the Straits of a 
commercial value comparable to other renewable energy sources. In addition, 
tidal power is predictable years in advance and so has better dispatchability 
than most other renewable sources such as wind or solar.
 Finally and as a method to simplify the application of this methodology to 
different sites around the World, in this paper a simple method for tidal current 
modelling in short length convergent elongated channels is presented. The au-
thors have found that for this kind of channels a very suitable approach to tidal 
current velocity estimation can be obtained through a very simple formulae. 
This method has been developed to obtain reliable along channel tidal current 
velocity  estimations using as less information as possible. In fact, the only nec-
essary information to apply this method are the harmonic constants of the tidal 
elevation at any location in the channel and a proper nautical chart. We present 
a graphical method to inquire when the geometrical characteristics of a given 
channel allow the application of our approach.
Q-SAIL is an European collaborative project Eurostars with number e*4409, 
Spanish work has been cofunded by CDTI using funds from PLAN E: “Plan Espa-
ñol para el Estimulo de la Economía y el Empleo”. 



Tidal Energy is one of the most promising renewable energy sources to be 
picked up. Tidal energy conversion presents a complex engineering challenge: 
to produce affordable, competitive energy in one of the most challenging natu-
ral environments, where access for maintenance is expensive and high risk
During the last decade various types of the tidal power plant prototypes were 
developed, some of them contain special hydrofoils, other based on blades simi-
lar to the ones used in wind energy and other alternative solutions, like sails. 
The TidalSense system will address part of this challenge by using long range 
ultrasonic technology (LRUT) to provide remote structural health monitoring 
(SHM) of significant tidal turbine structures. Structures under investigation at 
this stage of development are load bearing cables and composite structures 
(specifically turbine blades), but the technology can ultimately extend to all sig-
nificant TEC structures.
The TidalSense technology has the potential to reduce cost and improve quality 
through the following key aspects:

QUALITy CONTROL: Enabling to check their components prior to release, reduc-
ing risk and improving customer warranty confidence.

ADVANCED FAILURE WARNING: Enabling operators to pre-empt component 
failure, decide whether to shutdown the machine, and planned maintenance 
rtaher tan reactive maintenance.

REDUCED ONSITE MAINTENANCE: To reduce the frequency of machine inspec-
tion reducing risk and cost by providing this ability remotely. Tests more fre-
quent and from the safety of the shore.

DESIGN ENHANCEMENT: Providing machine developers with a highly valuable 
assessment of in service degradation of structures and design weak points, en-
abling parallel development of improved machinery and early warning for com-
mon design errors (product recall / improved maintenance before failure).
Even at its nascent stage of development, the tidal energy industry has already 
suffered serious failures that could have benefitted from remote structural 
health monitoring systems, both to pre-empt failure and to learn valuable les-
sons in the event of those failures. Industry leaders have already succumbed to 
machine stopping blade failures.
Due to continuous operation under the harsh marine conditions, such construc-
tions should have been periodically tested against the faults. In the TIDALSENSE 
project two concepts are being studied, the inspection of Multi-Wire Steel 
Cables Using Long Range Ultrasonic Testing (LRUT) and the use of ultrasonic 
guided waves for the condition monitoring of the composite material elements.
Multi-wire steel cables are used in many engineering infrastructures. They are 
considered to be safety critical components. In marine energy they are used for 
tensión mooring and as driving elements in several devices. The location and 
operation of the multi-wire steel cable ensures they can be subject to variations 
in; temperature, pressure, and pre-/post- stress. These conditions can potential-
ly induce cracks, corrosion, delimitations and brittleness within the multi-wire 
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steel cables. This could results in a potential source of unreliability, which could 
lead to failure. Therefore, there is a need for an effective examination technique 
that can assess the condition of the multi-wire steel cables before any malfunc-
tion takes place. Long Range Ultrasonic Testing (LRUT) has been selected as 
Non-Destructive Testing (NDT) technique to inspect cables for defects or dis-
continuities. LRUT uses ultrasonic guided waves in the kilohertz range (typi-
cally between 20-300 kHz) to inspect for defects from single point of access for 
many meters (up to 100m) with full volumetric coverage. The aim of this work 
is to demonstrate the ability of LRUT to propagate and detect defects within 
the multi-wire steel cables. The work was conducted using FEA analysis along 
with experimental validations. The findings show that the fundamental axi-
symmetric wave mode, L(0,1), can propagate within the multi-wire steel cable 
(up to 8m) at a frequency region between 16-20 kHz with the ability to detect 
defects over a  distance of many meters away from the ultrasonic excitation/
reception region.
Talking of the monitoring of composite material elements, the case sudy was 
an hydrofoil. The overall structure of hydrofoil is very complicated as the skin 
and the main spar are made from glass fibre and carbon fibre composite, filled 
by foam. Inspection of so complex object is a great challenge for conventional 
non-destructive testing (NDT) techniques.
The objective of the presented work was to determine the most critical regions 
of hydrofoil to be tested, to select the modes of ultrasonic guided waves to be 
used and to determine the parameters of their excitation, propagation along 
the sample and interaction with non-homogeneities.
The analysis of the multi-layered structure of the hydrofoil to be inspected 
using ultrasonic guided waves was performed. The geometry, material type, 
properties and the critical regions of the hydrofoil that should be tested were 
identified. The dispersion curves of phase velocity of the guided waves propa-
gating in the multi-layered structure of hydrofoil have been determined using 
SAFE method. The propagating modes of guided waves in the multi-layered 
structures of the skin and the main spar were identified using modelling and 
experiments. It was estimated, that in order to use the fundamental modes, the 
frequency range of operation below 200 kHz should be used for inspection of 
the skin and even lower for inspection of the main spar. The testing of main 
spar should be performed in longitudinal direction and other parts of hydrofoil 
- along perpendicular direction due to special orientation of fibres in the com-
posite. It was  shown that even in the case of limited number of transducers 
embedded into recommended positions the necessary coverage of the object 
can be achieved.

TIDALSENSE is a collaboration between the following organisations: TWI 
LIMITED, CERETETH, ENEROCEAN, I&T NARDONI, IKNOWHOW, INNOTEC, IT 
POWER, KAUNAS UNIVERSITy OF TECHNOLOGy, TIDALSAILS. The research lead-
ing to these results has received funding from the European Union’s Seventh 
Framework Programme managed by REA-Research Executive Agency http://
ec.europa.eu/research/rea [FP7/2007-2013] under Grant Agreement Number 
232518.



Abstract: New green energy sources deployed at sea in mobile platforms use 
power cables in order to transport generated energy at sea surface to the bot-
tom. Theses power cables are exposed to the dynamic behaviour of the platform 
movements due to waves, currents and wind. OBSEA is a seafloor cabled obser-
vatory at 20 m depth in front of Vilanova, in Catalan coast, that captures data in 
real time like current, waves, wind among others. 
In this paper, a model of a moored power cable installed at OBSEA is studied. 
The study is focused on the trajectory, tensions and deformation or curvature 
of cables about 0.1 m diameter and under real conditions collected from OBSEA 
sensors.  Simulations are done with Orcaflex 9.4 environment. This software al-

Figure 1. Cable tension and positions on top of cable. Sea depth 15m, cable  length 45 m with diameter 0.1[m] and Bending stiffness 7 kN•m2. Periodic 
waves conditions: period of waves of 8 s and height  7 m.

Figure 2. Projections of behaviour of top cable (EndA): Vertical coordinate z versus horizontal x. Tension versus z.
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lows to model underwater structures and cables. 
Figure 1 shows some results of a moored cable of length 45 m in a small depth 
(15 m) under sea waves of period 8s and height 8m. In particular the behaviour 
of top end cable (EndA) is shown: the horizontal (x), vertical (z) and tension as a 
function of time is shown. 
Figure 2 shows some projections of the temporal results. In particular the tra-
jectory of EndA and tension versus z are shown. Valuable information can be 
obtained easily like: EndA behaviour inherits the periodicity of sea waves, the 
oscillation of EndA describes an ellipse, at which vertical position  the tension is 
maximum among other information. 



Abstract: The monitoring of salt marsh for IMTA  project can not be raised as in off-
shore projects. These are areas of calm waters, where high temperature and the ex-
istence of earthlings and biogenic inputs (nutrient salts and organic matter) permit 
growth of phytoplankton and algae, which contributes to a further enrichment of 
the waters, with the corresponding increase of fouling. These features, along with 
the distribution of the salt marsh, make monitoring particularly difficult.

 Keywords: Monitoring, multi-trophic aquaculture, salt marsh.

1. INtrODUCtION
The company “Cultivos Marinos Integrales S.A.” was founded in 1989 and has de-
veloped its productive activity from 2009 in Salina Santa Leocadia, in the town 
of San Fernando, Cadiz, located in the “Bahía de Cádiz” Natural Park.
These facility was designed to take advantage of the tidal movement for water 
renewal , which means significant energy savings, for  tha semi-intensive cultiva-
tion of sae bream, sea bass and meagre in 26 ponds, with a total annual produc-
tion of  700 tons, commercialized fresh. 
Within the project “Marine Culture National Plan  JACUMAR Integrated aquacul-
ture” an IMTA pilot experience with pacific oyster (Crassostrea gigas) was carried 
out . It has been designed taking into account the special characteristics of both 
bio-environmental and hydrodynamic site, where tide, controlled by a system of 
pumps and floodgates, allows 400% daily renewal of water. 8 stations have been 
installed, two of them for control (E1, E2) on each input canal of the installation 
and six experimental stations distributed along the output canala (S1 to S6) (Fig. 
1). The distribution was made in order to study the influence of the amount of 
fish farm water waste on the growth of oysters. To carry out the monitoring of 
environmental parameters a CTD Seabird 19, a fluorometer ECO WET Labs and a 
current meter RCM9 Aanderaa. were installed

2. StUDY ArEA
Situated in an old salt marsh converted for marine aquaculture development, 
located in San Fernando and in the Cadiz Bay Natural Park, opposite the Campo 
Soto beach has an area of 103.127m2 in which 26 ponds are used for cultivation.
The system works with the natural tidal movement, but has two water reservoirs, 
a pumping system, a system of oxygen and the corresponding input and output 
canals  of seawater. It receives water supply from “Caño Sancti Petri” creek.

3. MEtHODOLOgY
The CTD Seabird 19 was installed in the input canal (E2), and the current meter 
RCM9 and the fluorometer in the output canal (S4 and S6, respectively) (Fig. 1).

4. rESULtS
The environment in which this study was developed is very aggressive with the 
instruments, and a great amount of fouling and mud was stick onto them in a 
short period of time .
After an initial phase in which the instruments were cleaned every 15 days it 
went on to another phase in which this was done every week. However, in the 
case of CTD (input channel), by relying on a pump that circulates the same 
portion of water through its various sensors, the high turbidity of the medium 
made the pump collapse, and distorts some data, such as dissolved oxygen in 
the periods prior to cleaning. 
The fluorometer Wetlabs is provided with an anti-fouling bio-wiper™ and face-
plate that extend the possible deployment duration by retarding biological 
growth on the instrument’s optical surface. The Bio-wiper™ covers the optical 
surface while the instrument is in “sleep” mode or when it has completed the 
number of samples requested. When the meter wakes up, the optical surface 
is exposed by the Bio-wiper’s™ counterclockwise rotation. In normal conditions 

Fig. 1. “Salina La Leocadia”, with the location of the stations. 
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(open sea) it works properly for months, but in this case it was not enough, and 
the system had to be cleaned weekly.
The current meter RCM 9 utilizes the well-known Doppler shift principle as the 
basis for its measurements. The system transmits an acoustic sinusoidal pulse 
at 2MHz. As the sound propagates through the water, minute parts of its en-
ergy is reflected or scattered by small particles in the water. This back-scattered 
energy is received by the system and analyzed to find any change in frequency. 
An upward shift in frequency means that the particles are moving towards the 
transducer and a downward shift that the particles are moving away from the 
transducer. The degree of shift signifies the rate of movement.
Assuming that the particles follow the currents in the water, this system is used 
to monitor and determine the current speed and direction of the water. The 
direction is found by the use of measurements along two orthogonal axis and 
linking them to true north by use of an internal compass reading. Therefore, 
even when the instrument was completely covered by fouling, the data were 
always correct.

5. CONCLUSIONS
The CTD is not a suitable instrument to place in salt marsh areas, because its 
pump collapses with the mud and fouling of the environment. The fluorometer 
Wetlabs works well in this areas because of the Bio-Wiper™ cleaning system, 
but it has to be cleaned frequently. The current meter Aanderaa is based on the 
Doppler shift, and it is not affected by the water quality.

REFERENCES
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Abstract - Side Scan Sonar (SSS) is a hydroacoustic device capable of georef-
erenced seafloor imaging with a very acceptable resolution and accuracy. Its 
initial development is due to military interests, but soon new civil and scientific 
applications arouse. Currently its most important applications are related to the 
support to underwater archaeological heritage management, recovery and in-
vestigation of wrecks and mapping of the geomorphological structures and bio-
cenosis of the seafloor. The present work addresses the use of this instrument 
to support fishery management and aquaculture by means of several projects 
carried out recently in the autonomous community of Andalusia, Spain.

Keyword - side scan sonar, fisheries management, aquaculture

1  INTRODUCTION
Coastal fisheries management requires a high knowledge of the site specific 
state of the environment, since this determines its inherent productivity. On the 
other hand, the control of exploitation (fishing) requires monitoring the accom-
plishment of the laws to be met by the fishing industry. One of the tools most 
used by fishery administrations throughout the EU is the installation of artificial 
reefs. For the monitoring of these reefs the SSS is a useful tool, providing further 
information on any activity that disturbs the seabed, such as trawls or shellfish 
traces. The fishing gears are also detected, as well as the effects of both natural 
phenomena (littoral drift, erosion, sedimentation) and those produced by hu-
man activities (dredging, fills, embankments, outfalls).
In the case of aquaculture, the SSS is a powerful tool in three areas: site selection, 
environmental monitoring, and control of mooring element.

2 OBJECTIVES
The main objective of this work is to provide the administration with both the 

Fig 1. (left) Mooring lines in a net cage acuaculture fish farming site

Fig. 2. (right) Dregging marks among Posidonia mates
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tools and the necessary knowledge for a more flexible and effective manage-
ment of natural and off-shore aquaculture fishery resources present in the An-
dalusian coast.

3 MATERIAL AND METHODS
The instrumentation employed in this work is a Klein 3000 dual frequency 
side-scan sonar (SSS), supported by different acquisition, processing and post-
processing software (sonarpro, sonarwiz, hypack, arcgis, etc.)
In all cases the methodology is based on a similar sequence of actions: detailed 
study of the project to be developed, design and selection of oceanographic 
instruments to be used in the oceanographic campaign, processing the ob-
tained data, its representation in GIS and finally, a thorough analysis of the ob-
tained results.

4 RESULTS
The obtained results reflect the status of the coastal fishery grounds, allow-
ing the identification of the most vulnerable areas, as well as those submitted 
to more invasive actions, facilitating decision-making processes for the man-
agement of coastal fishing grounds. With regard to aquaculture, the obtained 
results have allowed the optimal site selection, monitoring of bottom areas 
adjacent to the facilities, or the identification of abnormalities in the anchoring 
elements that caused the most frequent faults in the related surface elements.
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Abstract: Marine aquaculture is normally developed in coastal area, marine-terres-
trial public domain, where usually take also place many other uses . These areas 
are currently collapsed by the interference of many activities , uses and interests. In 
these spaces new aquaculture  production projects appear, so its development and 
evolution is highly dependant on the amount and quality of available spaces and 
the administration body with competence on the particular area  .
In order to achieve a sustainable development of aquaculture, the Management 
Service of Fishing and Aquaculture in Andalusia, Spain, Resources of the Regional 
Ministry of Agriculture and Fisheries has been developing since 2001 actions and 
studies aimed on locate suitable zones. All the information be integrated into a Geo-
graphic Information Systems (GIS) tool for aquaculture development and manage-
ment, for all stakeholders.

Keywords: Aquaculture, Geographic information Systems

INtrODUCtION: 
Two conditions are needed for the aquaculture development, availability of 
areas and environmental proper conditions. Knowing this Is necessary to have 
obtain information about the territory. Therefore it is necessary to obtain infor-
mation on aspects of the territory differentiated between administrative factors, 
that allow us to define the space by use and classified according to incompat-
ibilities or limitations on aquaculture, and environmental factors, allowing us to 
know how to develop aquaculture according to the requirements of different 
species and existing farming systems.
Site selection for aquaculture development is a technical and administrative 
procedure by wich starting with a spatial and sectorial analysis, suitable zones 
for the activity development are designed.
The sites selection for the aquaculture development it is technical and admin-
istrative process by wich starting with a spatial and sectorial analysis, suitable 
zones for the activity development are determine.

MAtErIAL AND MEtHODS: 
The methodology used for the study for suitable site selection for aquaculture 
is based on the analysis of a large amount of spatial information processed by 
the GIS, with which you seek a final overview of the availability of space for busi-
ness location and the factors that may affect implantation and development. 
GIS tool, is an Integrated System to work with spatial information. The software 
ArcGis 9.3 (ESRI) is the one used on the last study presented on 2010.
The methodological process is based broadly on a preliminary study continues 
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with an analysis, the determination of administrative parameters and boundar-
ies map. 
After representing the thematic mapping of administrative uses and activities 
that take place in the maritime terrestrial space compatibility validation is per-
formed of aquaculture development with other uses in the area of study. To do 
this, we have considered the following terminology associated with compatibil-
ity criteria:
Suitable Area: maritime fringe where an aquaculture facility can be ubicated in 
base on the following degrees of suitability
- Suitable zone apt: where aquaculture is viable, it will not match other use or 
activity, or in case of coincidence use presents no inconsistency with the aqua-
culture and / or vice versa.
- Suitable zone limitation: the area where a  is the space where it has detected 
a possible interference of uses, either as regulated by current legislation and / 
or safety criteria.
- Excluded area: marine and or maritime-terrestrial fringes in wich the incompat-
ibility with the aquaculture development is based as regulated in current legis-
lation and / or safety criteria
Based on this classification or zoning are considered in addition to administra-
tive parameters, a series of parameters based on technical criteria related to the 
location of aquaculture facilities.

rESULtS:
As a result of implementing a GIS on a relational database of current uses of the 
Andalusian coast, we get:
- A thematic mapping for administrative uses and activities that take place in the 
maritime-terrestrial space
- A thematic mapping which identifies areas of interest for the development of 
aquaculture
Finally, GIS can be considered as a useful planning tool for both government (as 
a mechanism of coordination and control of space activity), and for the private 
sector in search of new areas for cultivation, thus contributing the development 
of marine aquaculture.
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Abstract: The number of vessel around the world continued to increase yearly 
to fill the world trade demand. Consequently, the fuel usage increase due to 
increasing requirement for propulsion and electricity. Generator is the heart of 
a vessel that supplies electricity to most ship`s components. This study involves 
how to reduce the usage of generator in ship’s operations. The Magneto Electric 
Co-generator Plant (MECP) is the combination of some equipment, electronic, 
circuit and recycling the shaft rotational energy for additional electrical distribu-
tion. MECP proposed to be installed at propeller shaft and main engine flywheel 
of UMT vessel. The regeneration system can supply electricity to auxiliaries’ com-
ponent of ship machineries. The total produced energy by MECP is computed 
by modeling numerically. Cost saved yearly is estimated based on the power 
produced and fuel cost. In this study, the possibility of the co-generator plant 
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NUMERICAl MOdElINg OF MAgNETO ElECTRIC CO-gENERA-
TOR PlANT FOR SUSTAINAblE MARINE VESSEl POWER SYSTEM

High Frequency (HF) coastal-based Radar is an unique technology to monitor, 
in real time, 2D surface currents and waves in the coastal areas. The Straits of Gi-
braltar, in particular, is an oceanographic region with unmatched confluence of 
important commerce, security, and oceanographic processes. The geographic 
scale of the Straits also are well matched to the remote sensing capabilities of a 
network of shorebased HF radar systems.

Initiated in the framework of the research project entitled “Analysis of the sur-
face currents regime in the Strait of Gibraltar using a coastal-based HF radar sys-
tem”, funded by the Junta de Andalucia under the ‘Proyectos de Excelencia’ 2009 
program, and now part of the TRADE project, two HF Radar stations operating at 
a central frequency of 24.8 MHz and a bandwidth of 150KHz, were deployed to 
monitor the circulation of the eastern area of the Strait of Gibraltar. One station 
has been deployed at Punta Carnero Lighthouse, at the southern entrance of the 
Bay of Algeciras, and the second station was located at the Ceuta Harbour, at the 
southern side of the Strait of Gibraltar. In this talk, the deployement and main 
characteristics of the radars (spatial resolution of the measured current fields, 
etc.) will be explained in detail. Moreover, a first preliminary study of the surface 
current fields obtained is also presented (Fig. 1), showing the great utility of this 
remote measuring surface current technology for different fields, ranging from 
physcial oceanography research to oil-spill and Search and Rescue applications.

Fernández, V.1, galeano, J.C.1, Tarafa N. 1, Ruiz,M. I.2 ,Alvarez, E.2, lorente, P1., bruno, M.3 
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AN HF RAdAR ObSERVINg SYSTEM FOR MONITORINg THE SUR-
FACE CIRCUlATION IN THE STRAIT OF gIbRAlTAR. dEPlOYE-
MENT ANd FIRST RESUlTS

Fig. 1: Radial Velocities from HF Radar Station at Punta Carnero
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to be used for vessel is determined by considering the efficiency and cost sav-
ing. Cost saved is compared with initial installation cost in order to determine 
the cost beneficial. The MEPC produced 3.74 KW of power that can be used 
to supply the ship auxiliaries. It saved 1054 liters diesel per hour and RM 2.62 
per hour in general operation cost. Major advantage included in this system 
is its environmental benefit because it reduces the amount of carbon dioxide 
footage approximated to 4.13 kg of CO2 per hour that could be emitted to at-
mosphere. The system could help in commitment maritime industry to climate 
change compliance.

Keyword: Numerical modeling, magneto electric, co-generator, Discovery 2, 
vessel power 



HF radar is a technology able to provide measurements of real time 2D surface 
current fields. This technology is being currently deployed on both coasts of the 
United States (150 radar stations built by NOAA in 2010). Europe has begun to 
implement it in the past five years. TRADE project will deploy a network of these 
instruments in the coastal strip of the Algarve and Huelva, and in the straits of 
Gibraltar (see figure). The area is selected because the maritime corridor located 
between Cape St. Vincent and the Strait of Gibraltar is the scenario of one of the 
world’s largest vessel concentration. Many ships in the region are transporting 
oil, toxic products and chemicals. Additionally, in the coastal area that concerns 
the project, there are two national parks of high ecological value (Formosa and 
the Doñana). The TRADE project aspires to provide the technological infrastruc-
ture required by the region to prevent risks and, at the same time, substantially 
improve coastal management. To meet the general objectives described above, 
the following actions will be carried out: 1) Implementation of an HF Radar net-
work for observation of surface currents and waves;  2) Establishment of  the 
methods and procedures for validating the quality of information provided by 
the new infrastructure and integrate it into existing Puertos del Estado and Hy-
drographic Institute information systems and 3) .- To create  a platform for man-
aging cross-border interoperability and distribution of data, as well as develop 
a model of collaboration that allows for joint management of information in 
a new model of trans-boundary ocean observatory. Results of the project will 

be integrated in the framework of GMES, EUROGOOS, EMODNET and MyOcean 
activities.

Figure1: HF radar network for TRADE project
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TION OF THE ENVIRONMENT bASEd IN RAdAR HF

Instrumentation Viewpoint /11/ MARTECH1179
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Abstract – The special hydrodynamic regime of the Andalusian Coast, the important 
meteorological influence, and the intense maritime traffic of oil tankers make the 
use of field measurements and appropriate hydrodynamic models to be an essential 
part of an operational system for the prevention and management of oil spills in 
these waters. An operational oceanography system has been developed, based on 
the use of different numerical models and field stations, whose results are imple-
mented into an online GIS environment available to researches and Institutions at 
a website, providing oceanographic information and prediction fields with different 
levels of time-spatial covering and resolution. A practical example during the oil-
spill accident of the tanker Fedra at Algeciras Bay in October 2008 is given.

Keywords – operational oceanography, hydrodynamic modelling, oil spills, Anda-
lusian Coast.

1. INtrODUCtION
The Andalusian Coast constitutes a physical environment of special character-
istics, due to the presence of environments with different hydrodynamic con-
ditions: the Gulf of Cádiz at the West (Atlantic Ocean), the Alboran Sea at the 
East (Mediterranean Sea), and the Strait of Gibraltar connecting them. The in-
tense maritime traffic of oil tankers sailing across the Strait of Gibraltar, together 
with the presence of oil refineries at Huelva and Algeciras, imply high risks of 
oil spilling within these waters, and unfortunately it has constituted a matter 
of usual occurrence through the last decades. The Research Group “Physical 
Oceanography: Dynamics” of the University of Cadiz have developed a system 
of operational oceanography for all this area, based on the use of different hy-
drodynamic, meteorological, wind-wave and transport-diffusion models, as well 
as in situ data acquisition stations. Results are real-time implemented into an 
interactive GIS (Geographic Information System) environment available online 
to the concerning researches and Institutions at a website, providing current 
hydrodynamic information and prediction fields. The system was applied to the 
real case of the oil-spill accident caused by the oil tanker Fedra inside Algeciras 
Bay in October 2008, which is presented as an example in this paper.

2. tHE OPErAtIONAL OCEANOgrAPHY SYStEM fOr tHE ANDALUSIAN 
COASt
The online GIS environment provides the time-spatial prediction fields of hy-
drodynamic properties based on the results of different numerical models: 
two-dimensional/depth-averaged (UCA 2D, [1]), two-dimensional/two-layer 
(UCA 2.5D, [2]) and three-dimensional (UCA 3D, [3]) hydrodynamic models, 
meteorological model (MM5, [4]), wind-wave model (modified SWAN, [5]), and 
transport-diffusion models [6], having different levels of spatial covering and 
resolution. In addition, an oceanographic buoy mooring is installed at Cadiz 
Bay, which is constantly measuring and transmitting via modem oceanographic 
data of surface elevation, currents, temperature, salinity, turbidity and chloro-
phyll concentration. These data are real-time implemented and recorded into 
the online GIS environment as a complement and validation of the model re-
sults. Similar field stations are planned to be installed in other points of interest 
throughout the Andalusian Coast. The resulting data of the precedent models 
and the field station are real-time implemented and recorded into an interac-
tive online GIS environment, where the time-spatial fields of model results are 
graphically represented as well as the series from the buoy mooring. All these 
information are available at a website (http://sunotri01.uca.es/client) in a user-
defined environment. The allowed researchers and Institutions are also able to 
download selected data series and time-spatial fields for scientific and social 
purposes. The ‘default’ contents of the GIS environment are the predictions and 
records from the hydrodynamic and meteorological models and the time series 
from the buoy mooring, whereas in case of a real oil-spill accident the requested 
results from the wind-wave and transport-diffusion models are also deployed.

 
Figure 1. Example of 
comparison between 
the system prediction 
(left) and an in situ 
photo (right) for the 
Fedra accident.
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HYdROdYNAMIC MOdEllINg ANd OPERATIONAl OCEANOgRA-
PHY FOR OIl-SPIll EVENTS IN THE ANdAlUSIAN COAST: A REAl 
CASE STUdY dURINg THE FEdRA ACCIdENT (OCTObER 2008)
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3. A CASE StUDY: APPLICAtION tO tHE OIL-SPILL ACCIDENt Of tHE tANk-
Er fEDrA INSIDE ALgECIrAS BAY IN OCtOBEr 2008
On 12th October 2008, the oil tanker Fedra wasted more than 150 tons of fuel 
into the Algeciras Bay waters, affecting the shoreline of these coasts. During the 
palliation and managing activities carried out for this oil-spill accident in the 
subsequent days, the described operational oceanography system provided 
the prediction of the time-spatial evolution of the spill for such period, consid-
ering the hydrodynamic and meteorological conditions present, as well as the 
nature, amount and location of the spill. In addition, the accident was used to 
validate the accuracy of the predictions given by the system, by comparing the 
calculated time-spatial fields with in situ photographs of the oil spill (Fig. 1). Re-
sults confirmed the ability of the operational oceanography system to predict 
the general evolution of the oil spill and the most affected coastal areas.

4. CONCLUDINg rEMArkS
An online GIS environment has been developed to integrate, host and rep-
resent the resulting oceanographic data from different models and field sta-
tions, available at a website and mainly focused on the establishment of an 
operational oceanography system for the Andalusian Coast. The scientific and 
social application of this system becomes a very useful tool for the monitoring, 
prediction and management of eventual oil-spill accidents in these waters, as 
demonstrated in the real case of the Fedra oil-spill accident. One remarkable 
advantage of the system is its ability to consider and assimilate data from other 
models, domains and field stations which could be developed in the future. 
However, it is still necessary to deep in the development of the best modelling 
and data analysis strategies in order to optimize the practical management of 
these accidents.
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Abstract -” The increase in the concentration of atmospheric carbon dioxide is con-
sidered to be one of the main causes of global warming. Microalgae can contribute 
to the reduction of atmospheric carbon dioxide by using this gas as carbon source. 
We cultivated Nannochloris atomus in a helical tubular photobioreactor. Potential 
carbon dioxide fixation was compared under different growth conditions.

“Keywords-” Photobioreactor, carbon dioxide, microalgae.

A variety of studies investigating different strategies for CO2 sequestration have 
been conducted since the 1990s, of which biological methods, in particular us-
ing microalgal biofixation in photobioreactors, have recently gained renewed 
interest [1]. The cultivation system consisted of a BIOSTAT®PBR 2S photobioreac-
tor with a working volume of 3L (fig. 1)
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POTENTIAl CARbON dIOxIdE FIxATION bY MARINE MICROAl-
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The strain belongs to a stock culture kept in our laboratory. The culture medium 
was a modified F/2 medium made in filtered sterilized natural seawater, without 
nutrient limitation. The cells were continuously aerated at a rate of 300 mL min–
1. The growth medium was controlled at different temperatures by the recycled 
water from a thermostatic bath, The mixing was driven by a peristaltic pump. Il-
lumination of culture was provided by eight fluorescent lamps with 1200 lm per 
lamp. For control and measurement of pH, a sensor was used and the pH was 
controlled by automatic injection of CO2. The cultivation vessel was coupled 
with the sensor for the CO2 measurement in the inlet and outlet. In the inlet, 
CO2 was monitored by a rotameter, while in the outlet, total flow was monitored 
by an infrared CO2 gas analyzer (LI-6262 CO2/H2O Analyzer, Nebraska, USA). 
The maximum cellular density achieved in the experiment was of 1430• 106 cells 
mL-1, with a cell mass of 2900 mg L-1. Cell density values and linear regression 
were used to calculate the growth rate (k, d-1) during the exponential phase, 
obtaining a value of 0.4971 d-1 (Fig.2). Potential fixation was calculated as: Λ= m 
f k δ, where Λ represents the CO2 fixation rate (mmol C d-1 L -1), m represents 
cellular mass (g cell-1), f represents the carbon fraction, k represents the growth 
rate, and δ represents cell density (cell L-1). We calculated the potential fixation 
for the different averaged cell densities reached in each phase, obtaining a value 
of 51.3 mmol C d-1L-1 ( pH 8.5 and temperature 20ºC),  57.2 mmol C d-1L-1, ( pH 
8.0 and temperature 20ºC),   58.8 mmol C d-1L-1, ( pH 8.0 and temperature 25ºC),   
62.2 mmol C d-1L-1( pH 7.5 and temperature 20ºC).

“Fig. 1.”  Photobioreactor system.

The maximum potential fixation such as cell density are reached with lower pH 
and a high temperature, due that Nannochloris species have a greater capacity 
for CO2 utilization rather than HCO3- [2].
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Abstract -The following article presents a new software whose purpose is to ease the 
operation of lagrangian drifters and the ulterior data retrieval. LD Manager relies 
on the use of TCP/IP communications between the drifters and the computer that 
runs this piece of software. It manages TCP connection requests from its clients, the 
drifters, and fills up a database with the information they sent. LD Tools is an easy-
to-use interface that makes experiment organization and data retrieval much more 
efficiently.

Keywords - lagragian drifter operation, TCP/IP communications

LD MANAgEr
LD Manager is the piece of software that manages the communications with the 
drifters and that interacts with then under an eventual petition from the opera-
tor of the software. It has been developed in Java, and a successful beta version 
has been generated and tested for Windows XP and Windows 7.
As a background process, a TCP server runs in the computer where this software 
is installed. This process manages the connection requests from the drifters, es-
tablishes the appropriate TCP sockets and refresh the connections in case of IP 
change. 
Figure 1 shows the flow of information between the server and the drifters. The 
data generated by the drifters is sent to the server via internet (orange path in 
figure 1). Therefore, the drifters must be equipped with modems able to imple-
ment TCP/IP telecommunications. These data is stored in a database in the com-
puter along with some other relevant information as the current drifter configu-
rations and so on.
Configuration change petitions (yellow path in figure 1) on the drifters can be 
handled by using an additional GSM modem. This modem send any configura-
tion change request via SMS and waits for acknowledge from the drifter (blue 
path in figure 1).

LD tOOLS
LD Tools is an additional piece of software intended to organize lagrangian drift-
er experiments and ease the data retrieval.
Concerning experiment management, LD Tools allows creating, editing and ar-
chiving experiments. As a lagrangian experiment may involve one or more drift-
ers, this software relies on a database to organize all that information in order 
to recover it later on.
Data retrieval may be done by focusing on the whole data set of a single drifter 
and then filtering the initial and final dates. However, the recommended data 
retrieval method is based on experiment identification. As an experiment has 
information on the drifters involved, the initial and final date of the experiments, 
data recovering with this method is usually faster and more efficient.

fIELD tESt
Successful tests have been performed in Spain (Gulf of Cadiz  and Alboran Sea – 
figure 2 –) and France (Ligurian Sea) so far.  

Figure 1. Information flow between drifters and the server running LD Man-
ager.

Figure 2. One-drifter lagrangian experiments op-
erated with LD Manager.
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fUtUrE WOrk
Further collaborations all around Europe and other Mediterranean countries 
must be established in order to get user feedback and enrich this software so-
lution.



Abstract - The following article presents an innovative model of lagrangian drifter 
for coastal applications. Its geometry has been designed to improve three mains as-
pects over other existing coastal drifters: maximizing experiment life, reducing the 
influence of the wind drag and maximizing its vertical stability. The electronics is 
also a non-conventional part of the design as it has not been design on purpose, 
but it has been chosen from the big variety of GPS trackers existing in the market 
able to carry out GSM/GPRS communications with a server. This way of approach-
ing the election of the electronics facilitates its accomplishment with industry and 
electronic standards.

Keywords - lagragian drifter, GPS tracker, GSM/GPRS

The design of the new lagragian drifter presented in this work has been ap-
proached from two sides: first, by electing an appropriate model of GPS tracker 
able to implement GSM/GPRS communications; and second, by designing a 
new float geometry able to solve some of the problems occurring in other type 
of coastal drifters.

tHE ELECtrONICS
The electronics inside this new model of drifter has been meticulously chosen 
from the big variety of GPS trackers existing in the market. Advantages of this 
election are: first, this piece of electronics has been thoroughly tested at the 
factory, providing much more robustness to the solution compared to other ex-
isting drifters whose electronics has been developed ad hoc with no much time 
expending for testing, understandable fact since it is a very expensive part of 
the commercial product development chain; second, it has passed most of the 
industry quality controls accomplishing with electromagnetic radiation regu-
lation; and third, it implements most of the necessary features for lagrangian 
water mass characterization.
As summary, the main requirements this piece of electronics must implement 
are: being able to send to a server some general NMEA commands containing 
the position and velocity of the device generated by the GPS modem inside it, 
being able to send status flags informing, for example, about the quality of the 
recorded data and also being able to inform about important events that can 
compromise the success of the experiment.

tHE fLOAt
The float, made of special UV-proof polyethylene, is shown in figure 1. It consists 
of three main cavities, each of one aiming at a different purpose. 
The lower cylindrical cavity encloses the heaviest elements of the drifter, i.e. the 
battery packs. Its length allows the center of gravity of the buoy to be further 
below from the flotation line than in some other the drifters in the market. 
The second cavity, conical in shape, provides flotation to the drifter and stability 
against horizontal efforts like wind drag. All this vertical stability, keeping the 
antennas of the GPS tracker well-oriented most of the time minimizing bad GPS-
fix points and improving the quality of the telecommunications signals.
The upper cylindrical cavity allows all the elements to be placed inside the float. 
It may be closed with a watertight lead and it encloses the GPS tracker with the 
antennas (GPS and GSM) keeping them at the top part of the float.

fIELD VALIDAtION
In order to validate the design of the drifter, this model has been equipped with 
standard commercial drogues for swallow water characterization and its drift-
ing behavior compared with the ones from some other widely-used commercial 
drifters. In particular, simultaneous deployments with a first-class commercial 
model (the Davis drifter, from Pacyfic Gire) have been performed to characterize 
the dynamics of the upper one-meter layer in a tidal channel reaching satisfac-
tory results.

fUtUrE WOrk
Due to the fact that the submerged part of the buoy is bigger than in other 
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drifters, it may be possible to reduce the drag area ratio of the drogues that 
can be used, especially for swallow waters. One of the paths that currently is 
being explored is the design of smaller drogues that will still make the drifter 
to successfully follow the water parcel it is designed to (figure 2). In parallel, it is 
expected to progress in the design of especial drogues to optimize the drifter 
behavior for other applications as oil-spill or medusa bloom tracking.

Figure 1. Sketch of the drifter showing the 
elements inside it.

Figure 2. Lagrangian drifter equipped with a Davis-type 
drogue centered at 1 m depth.



Abstract- All international commitments force a progressive reduction of carbon 
dioxide emissions to the atmosphere. Because the Andalusian coast is character-
ized for its high solar radiation index and temperature variation interval, it becomes 
a good place for the use of microalgae for this purpose. Therefore, the study of N. 
gaditana in function of its carbon dioxide capture capacity and biomass utility was 
chosen for the analysis of CO2 capture in large intensive culture  photobioreactors. 

Keywords- Photobioreactor, CO2 fixation, N. gaditana, marine microalgae.

The photobioreactors were specially designed to obtain cultures with high cel-
lular densities with the possibility of realizing a continuous analyze of gas trans-
fer between gas phase and water, this and other possible solutions applied for 
its control, make of this initiative a very innovative technology (Figure 1).
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N. gaditana cultures were introduced in the photobioreactors with initial cellu-
lar densities of 7  x 106 cell mL-1.  This strain is characterized for a long lag phase 
period as shown in Figure 2; once the exponential phase was reached the CO2 
injections were followed (14 µL/min). For each day of the essay, samples for 
cellular counting, biomass, organic carbon determination and inorganic car-
bon determination were collected. Also continuous data of control parameters 
such as dissolved oxygen, pH, temperature, light intensity, nutrients and CO2 
balance were stored in a PLC. 

                                                      
During the essay clear capture of CO2 by N. gaditana was observed. Inlet val-
ues of CO2 concentration resulted always higher than the ones measured from 
the outlet of the reactor with variation differences from 100 to 300 µmol mol-1 
(Figure 3).

All these essays followed with this particular strain should be completed with 
other selection of marine microalgae to be able to estipulate which of them 
configure the best experimental conditions and result. Also, the main aim of this 
study is to be able to extrapolate these results obtained in laboratory conditions 
to industrial scale, the information obtained may be a very interesting tool to be 
able to establish the viability of microalgae as a proceeding to reduce the CO2 
emissions into the atmosphere due to industries situated near the coast.
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“Fig 1.” Specially designed photobioreactors. 

Fig. 2.” Typical N. gaditana cellular density evolution.

Fig. 3.” CO2 concentration variations between inlet 
and outlett of the photobioreactors 



Abstract – A shipwreck site located in Camposoto beach (Cadiz, Spain) and con-
taining 31 iron guns and a large anchor was protected and included in the Gen-
eral Catalogue of the Andalusian Historical Heritage in 2008. The archaeological 
remains relate it to the Battle of Trafalgar identifying it with the “Fougueux”, a Té-
méraire class 74 gun French ship of the line. Available information (including ships’ 
logbooks weather observations and other documents) establishes that a dismasted 
French ship ran aground on 22nd October 1805, and broke up into pieces on 25th 
due to tempestuous weather. Making use of all available information and of a set of 
numerical models (ocean circulation, meteorological and transport) we have simu-
lated different scenarios in order to establish the most probable areas for finding 
the remains of the “Fougueux” accounting for the uncertainty of the available infor-
mation. The relative contribution of the dominant oceanographic processes to the 
dispersion of the remains was evaluated as well. Those areas were surveyed in 2009 
resulting in the discovery of 4 additional sites containing 35 guns and a large anchor 
whose characteristics and dating are similar to those of the previously known site. 
These additional sites are located closer to the coast forming an imaginary line par-
allel to it. The results of our study point out the potential of hydrodynamic modelling 
as a tool for identification and prospecting of scattered shipwreck sites.
  
Keywords – hydrodynamical modelling, shipwreck, underwater archaeology, Anda-
lusian Coast.

1. INtrODUCtION
In maritime archaeology it is accepted that physical processes dominate site 
formation in the early stages [1], which is very evident in the case of highly en-
ergetic environments. Energetic indeed can be considered the Atlantic Andalu-
sian Coast which comprises the Strait of Gibraltar and the Gulf of Cádiz. The gulf 
and the strait can be thought of being geographically divided by the meridian 
crossing the Cape of Trafalgar. It was precisely in the waters of the Gulf of Cádiz, 
a few miles South-West off the coast and close to the cape where the epic Battle 
of Trafalgar took place on 21st October 1805. Following the defeat of the Franco-
Spanish fleet, the heavily damaged ships had to face a severe storm with strong 
winds and high seas from the South-West [2]. As a result, many of the damaged 
and/or dismasted ships drifted ashore where they were wrecked or ran aground. 
Such was the case of  “Fougueux”, a Téméraire class 74 gun French ship of the 
line which according to the existing documentary evidence [3] ran aground be-
tween the 22nd and 23rd October and broke up into pieces on 25th October.
The main “Fougueux” shipwreck site was known,; it was protected and included 
in the General Catalogue of the Andalusian Historical Heritage in 2008. The site 
is located at Camposoto beach (Cadiz, Spain), about 1 km from the coast at 10 
m depth and contains 31 iron guns and a large anchor along with other minor 
remains, corresponding mostly to the middle third of the ship (see Fig. 1). 

 
2. HYDrODYNAMIC SIMULAtIONS AND fIELD SUrVEYS
Under assumption that the main site corresponded to the location where “Fou-
gueux” ran aground and from where it was broken up into pieces, we used 
already existing ocean circulation and transport models ([4], [5]) to simulate 
ocean conditions resembling those taking place from 22nd to 29th  October 
1805. Knowing that the ocean circulation in this area is dominated by wind and 
tides, and having documentary information about the meteorological condi-
tions during and after the Battle of Trafalgar and about the time of the “Fou-
gueux” grounding, we used that information for prescribing the tidal and wind 
forcing in the simulations. Fig. 2 shows the dispersion pattern of a passive tracer 
released at the main site location under a SW wind of 20 m/s (gale force).  The 
dispersion pattern clearly indicates a drift to and along the coast with a strong 
northward component, pointing out the areas with highest probability of find-
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ing large remains from the “Fougueux”.  In summer 2009 those areas were 
extensively surveyed by means of  Side Scan Sonar imaging, high resolution 
magnetometry and in situ diving, resulting in the discovery of 4 additional sites 
containing 35 guns and a large anchor whose characteristics and dating are 
similar to those of the previously known site (Fig. 1) [6]. The location of the 
additional sites matches the modelling results, consistent with the main site as 
a tracer source and a SW gale force wind induced current and waves. Notewor-
thy, the additional sites are nearly aligned with the 8 m isobath at almost fixed 
distance of 400 m from the present coastline forming an imaginary line identi-
fied as the position of the coastline in 1805 [7]: Smaller pieces with shallower 
draft were able to drift almost to the shoreline. 

4. CONCLUDINg rEMArkS
We have made utilized validated ocean circulation and transport models to 
simulate the dispersion pattern of “Fougueux” remains. The ocean circulation 
of the shipwreck area is determined mainly by tides and wind. Therefore, a 
precise timing of the accident (in order to properly establish the tidal condi-
tions) and knowledge of the weather conditions at the earlier shipwreck stages 
are needed.  Unfortunately for the ships and crews taking part in the Battle of 
Trafalgar,the came under an unusual severe storm from the SW after the end of 
the firefight. It was a storm of such unusual strength, that, fortunately for us, di-
verse documentary sources provide ample information on it. This allowed us to 
prescribe adequately the tidal and wind forcings obtaining a coherent disper-
sion pattern which has been validated by the findings of subsequent surveys. 
The results of our study point out the usefulness of hydrodynamic modelling as 
a tool for identification and optimization of resources in prospecting scattered 
shipwreck sites.

Figure1. Location of the “Fougueux”archaeological remains on the basis of 
a 2002 orthophoto. Dotted line is the 1787 coastline, georeferenced with re-
spect to Vicente Tofiño map (1787).
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Figure 2. Dispersion pattern of a passive tracer released as a continuous source 
located at the main shipwreck site. The simulation was forced by a constant ho-
mogeneous wind of 20 m/s from the South-West.
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Each of the photobioreactors are continuously monitored by two sensors of pH, 
oxygen and temperature (these are situated in the inlet and output of the il-
luminated part), and two turbidity sensors (which can be used as indicative of 
biomass).  The idea would be to follow a fed-batch culture; therefore there is a 
continuous sample extraction which is replaced by the addition of nutrients and 
seawater by the use of peristaltic pumps. Also, the laboratory is thermotatized 
and includes a system to filtrate and sterilize seawater (UV).
Once the samples are extracted they are filtered in line and the concentration 
of nutrients is determinated in an automatic way by a nutrients analyzer, also in 
line. The injection of CO2 and other possible gases, aim of the study, are injected 
by regulated mass flow meters. Gas concentrations of CO2 and the other pos-
sible gases are analyzed, including the reference of gas added from by the gas 
compressors (inlet) and from the exit of the degassing reactor (outlet) to be able 
to establish balances (Figure 3).
All the system is controlled by a Siemens PLC, shown in Figure 4, which relate 
control values such as pH for example to injection of CO2 and measured nutri-
ents in samples to addition of these.

“Abstract-” Although photobioreactors provide much more advantages over 
open cultivation systems, still more work has to be done in making them cost 
effective to set up and to operate than conventional pipe reactors and which 
give high algae yields. This study develops the design of two automation tubu-
lar photobioreactors of 550 L for intensive microalgae cultures. 

“Keywords-” Automation of  photobioreactors, microalgae intensive cultures, 
industrial gases. 

The design of these, comprise two principal parts:
- An illuminated tubular part (Figure 1) connected to a degassing reactor by 
variable flow peristaltic pumps (up to 8000 L h-1). This recirculation flow can 
be controlled and regulated by Electromagnetic Flow Meters. The illumination 
is followed by two panels with 126 specific LED focus for each of the two pho-
tobioreactors. Each one of these LED bulbs has a power of 12 W and consists of 
138 red LEDs (650 nm) and 30 blue LEDs (420 nm). This provides useful photo-
synthetic light which does not generate heat and has a reduced energetic con-
sumption. The illumination of these LEDs is externally controlled by radiance 
sensors and the intensity can be regulated.  
- And the degassing reactors (Figure 2) which have a volume of 250 L and are 
aerated with gas compressors regulated by mass flow meters. 

At this moment the two photobioreactors are operating with Nannochloropsis 
gaditana and Tetraselmis chuii and are resulting to be very effective and easy 
to control. The use of these photobioreactors allows a large amount of possible 
studies by the use of different microalgae strains and possible injection of in-
dustrial gases. 
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Fig. 1. Illuminated tubular part of 
the photobioreactor          

 Fig. 2. The degassing reactor.

Fig. 3. On-line system of filtration of samples and analysis of nutrients and 
gases.  

Fig. 4. Siemens PLC system for the automation of the photobioreactors



Abstract— As a result of the meeting held at SARTI in November 2010 (http://sites2.
upc.edu/~www-sarti/web/cat/meeting/meeting. php) we are planning to conduct 
an AUVs experiment in order to determine the influence domain of the saltier plume 
of water going out the Mar Menor lagoon towards the Mediterranean Sea through 
The Estacio channel. This goal, besides the relevance to understand the influence 
of the lagoon on the Mediterranean Sea, offers the challenge of coordinating, for 
first time, a fleet of AUVs from different research institutions of Spain and Portugal. 
Experiments like this will follow in the future. These engineering and process orient-
ed challenges are aligned along two primary and two secondary goals: 1) Primary 
goals: a) Deployment of a heterogeneous mix of mobile assets to densely sample 
a confined meso-scale area (< 50 Sq. km). While no lower bound on this number is 
envisioned, we expect at least 3 vehicles in the water simultaneously; b) Obtaining, 
interpreting and validating science data obtained by in-situ assets including AUVs; 
2) Secondary goals:
a) Detection of prominent scientific features of interest in-situ by AUVs and b) Detec-
tion of such features using ship/shore based human-in-the-loop. A visible side-effect 
of these primary goals would also ensure that the participating institutions are able 
to cohesively work together to plan, launch and deploy assets and in the process 
understand the scientific drivers of the proposed field experiment. The AUVs planned 
to be involved in the experiment are: GUANAY II (SARTI, UPC), Sparus (U. of Girona), 
ÆGIR (UPCT), SEACON and NAUV (LSTS, U. of Porto). An Slocum Glider (SOCIB) will 
also be involved.

Keywords – AUV, underwater robotics

I. INtrODUCtION
The Mar Menor is a large coastal lagoon in the Iberian Peninsula and one of the 
largest in Europe. It is an emblematic wetland on the RAMSAR sites list for con-
servation providing a large quantity of goods and services to the society. Many
interests from tourism to fisheries to intense agriculture in the watershed to 
conservation, overlap the area. The economic value of fisheries, for instance, is 
substantially higher in the lagoon than outside.
A major program to monitor the lagoon is being funded by the Regional Gov-
ernment of Murcia as a strategic project in the Science and Technology Regional 
Plan. The “Campus Mare Nostrum”, a joint venture of the Technical University of
Cartagena and the University of Murcia, has been awarded as Campus of Ex-
cellence in the Spanish university System. This campus has the marine science 
and technology as one of the major challenge themes. Although the lagoon is 
important in itself, the SE coast of Spain is an area of large coastal
oceanographic interest as shown in Fig. 1
The Mar Menor lagoon is located in a semiarid region of Spain with evapora-
tion exceeding precipitation and runoff thus providing its hyper saline character 
(45-47 PSU) and a range of temperature spanning from 10ºC to 32ºC seasonally.
It has 135 Km2 with 22 Km long (maximum distance) and 12 Km maximum wide 
with a maximum depth of 6 m and average of 3.5 m. With a volume of about 
580 Hm3, its water renewal time is of 423 days (1.16 years approximately). The 
lagoon is separated from the Mediterranean Sea by a sand bar called La Manga. 
The exchange of water between the Lagoon and the adjacent Mediterranean 
Sea is carried out by three inlets (Fig. 2): Las Encañizadas to the North, The Esta-
cio channel in the middle - throughout the main exchange of water occur - and 
Marchamalo inlet to the South.
Major forcing factors of water exchange are a horizontal pressure gradient due 
to difference in the sea levels (in and out of the lagoon) that are forced by tides 
(Fig. 3) - although very low –, atmospheric pressure (Fig. 4) and Ekman type 
transport of water piling up or retrieving water from outside La Manga. Winds 
action mixes the entered Mediterranean Sea water into the lagoon (Fig. 5).
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To understand the capacity of the lagoon as a biological buffer, it is critical to 
understand the exchange of water between the Mediterranean Sea and the la-
goon. Many species are not allowed to enter into the lagoon because of the 
strong environmental gradient, mainly imposed by salinity; but others, already 
adapted to the much more stressed lagoon environment, do leave the lagoon 
thus providing more resistant populations to changing environmental factors 
in the Mediterranean (e.g. by global warming trends). The lagoon is, from this 
point of view, seen as a natural laboratory to understand future changes in 
larger water masses. The stressed environment is also genetically selecting the 
species thus providing a reserve of biodiversity. Lagoon water going out to the 
Mediterranean Sea is, by itself, an important vector of exportation of selected 
species to the Mediterranean Sea.
To determine the three dimensional area of influence of the lagoon water in 
the Mediterranean Sea it is important to understand the propagation of the sa-
line tongue leaving The Estacio Channel towards the Mediterranean Sea. Fig. 6 
shows the results of a 2D advection -diffusion numerical model when
more saline water is going out of the lagoon.
Validation of a 3D model of the saltier water tongue requires in situ simultane-
ous measurements in the area of influence in the three dimensions with the best 
available technology. AUVs are by now the most advanced technology available 
to this kind of measurements and can account for both spatial and temporal 
variations of water mass given their mobility. They are also cost-effective and 
adaptable to the changing environment in ways that traditional ship-based ob-
servations cannot.
II. SCIENtIfIC gOALS
The main scientific goal of the experiment is to determine the influence domain 
of the saltier tongue of water going out the lagoon through The Estacio channel 
towards the Mediterranean Sea.
This goal, besides the relevance to understand the influence of the lagoon on 
the Mediterranean Sea, offers the challenge of coordinating, for first time, a fleet 
of AUVs from different research institutions in Spain and Portugal. These engi-
neering and process oriented challenges are aligned along two primary and two 
secondary goals:

Fig. 1. Location of the Mar Menor lagoon and oceanographic singularities of
the area.
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A. Primary Goals
1. Deployment of a heterogeneous mix of mobile assets to densely sample a 
confined meso-scale area (< 50 Sq. km). While no lower bound on this number is 
envisioned, we expect at least 3 vehicles in the water simultaneously.
2. Obtaining, interpreting and validating science data obtained by in-situ assets 
including AUVs, ASV’s, moorings or drifters, post-facto. Using this analysis

Fig. 2. Inlets of the Mar Menor lagoon. North: The Encañizadas; Middle: The 
Estacio channel; South: Marchamalo inlet.

Fig. 3. Tides elevation in the Mediterranean Sea (Outside La Manga) and in
the Mar Menor (inside La Manga), both in the vicinity of the main communica-
tion channel, The Estacio.

Fig. 4. Inverse barometric effect on the Mediterranean Sea and Mar Menor sea
level.

Fig. 6. Left: Bathymetry of the lagoon and the adjacent Mediterranean Sea. 
Maximum depth in the lagoon is 6 m, maximum depth shown in the Mediter-
ranean Sea (red color) is 35 m. Right: 2D Advection-diffusion model output 
showing saltier water (about 75% lagoon water with 25% Mediterranean Sea 
water mixed, cyan color). Area of Influence of the saltier tongue of water is 
marked by yelloworange color in the figure.

Fig. 5. Advection-diffusion 
numerical simulation of 
water exchange between 
the Mediterranean Sea 
and the Mar Menor la-
goon. Dark blue color 
means 100%Mediterra-
nean Sea water, white col-
or means 100% Mar Menor 
sea water.

to iteratively refine the sampling process using the above noted assets in the 
water. 

B. Secondary Goals
3. Detection of prominent scientific features of interest in-situ by AUVs
4. Detection of such features using ship/shore based human-in-the-loop.

Our initial target would be to satisfy the primary goals, which will recursively 
require the need and deployment of a ship/shore-side data system and to syn-
thesize the data products for scientific analysis. A visible side-effect of these 
primary goals would also ensure that the participating institutions are able to 
cohesively work together to plan, launch and deploy assets and in the process 
understand the scientific drivers of the proposed field experiment.
Should the primary goals be satisfied early, we will attempt to go after the sec-
ondary engineering goals of enabling these assets to be more adaptive by vir-
tue of sensing, detection and in-situ identification of scientific features of inter-
est driven by local conditions at Mar Menor. Adaptation via control software or 
using aided human decision making tightly coupled with a vehicle future con-
trol actions would demonstrate an important science capability needed in the
current generation of AUVs and ASVs.
A key outcome of this field experiment is to build a team (and consensus) to-
wards working long-term in the Mediterranean as a viable research team to 
tackle interdisciplinary science and engineering problems. These goals are very 
aligned with institutions such as OBSEA, MBARI, SOCIB and future OOCMUR. 
Joint publications in peerreviewed journals and conference events will be criti-
cal to making impact and establishing such a working relationship in the long 
run.
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III. EQUIPMENtS
The AUVs to be involved in the experiments are shown in figure 7: 1) GUANAy 
II - SARTI Autonomous underwater vehicle - Technological Centre of Remote Ac-
quisition and Data processing Systems, Technical University of Catalonia (UPC), 
Vilanova. 2) Sparus – VICOROB: computer vision and robotics group – Depart-
ment of Electronics, informatics and automatics, University of Girona. 3) ÆGIR 
– Underwater Vehicles Lab – Technical University of Cartagena. 4) SEACON and 
NAUV - Underwater Systems and Technologies Laboratory (LSTS), University of 
Porto. 5) Slocum Glider – SOCIB.

OBSEA & SOCIB will obtain data from all mobile and immobile (e.g any avail-
able moorings) assets as well as remote sensing data freely available for the Mar 
Menor region and to synthesize data products available to science for analysis.
Temperature and salinity are two critical properties of seawater to be measured 
during the experiment. The lagoon temperature and salinity are different from 
that of the Mediterranean Sea. Although salinity is the main parameter to mea-
sure, it is also expected to find the saltier tongue of water going out the lagoon 
by measuring its temperature. Thus, all AUVs should be equipped with, at least, 
an external temperature sensor. AUVs equipped with ADCP, if available, would 
provide a detailed view of the currents and speed of the plume.

IV. StUDY ArEA
It is expected that the saltier plume leaving the Estacio channel will likely move 
downward to the bottom, because of its higher density. Salinity maximum 
should depend of the flux of water going out the lagoon and distance from the
mouth of the channel. Dominant winds in the area (>45% annual) are NE and 
Easterly. With these winds the plume should move to the South. However with 
SW winds (usually present in summer) the plume should move towards the 
North. Fig. 8 shows the area of interest for the experiment south to the Estacio 
channel together with a proposed set of AUV tracks to detect and measure the 
plume and its area of influence.

V. DEPLOYMENt StrAtEgY
An early morning deployment would include a run of a TBD portion of the area 
of interest as shown in Fig. 8. Data returned from this run would be analysed 
approximately by 10am, by the entire team and a strategy for the deployments
the remainder of the day would be articulated. Vehicles would then be deployed 
by the available support vessels and picked up by 4pm. Data is then uploaded to 
the data handling system and data products are analysed. Overnight missions 
where possible to record the impact of the diel-cycle on phytoplankton could 
be a potential extended experiment as long as safety considerations allow.

Fig. 7: AUVs to be involved in the experiment

(right) Fig. 8. The Estacio channel (top left). Area of interest for the experiment 
(down left). Proposed track for AUvs matching the expected area of the saltier 
water plume.
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The system has been running from December 3rd sending 10 minutes bunches 
of data to 2 parallel receiving stations under hourly demands. Transfer and inte-
gration of acquired data in the port intranet has been performed successfully, 
while the industrial system operators get an on-line monitoring of the harbour 
water conditions. 

Results show slight modification on the water densities that are detected only 
in the closer downstream CT sensors.

Abstract – Operational oceanography applied to marine monitoring and environ-
mental control in harbour facilities. A practical case. 

Keywords – Operational oceanography, monitoring, environmental control.

INtrODUCtION
During the last decade, legislators have produced a legal framework for the en-
vironmental affairs, updating and adapting regulations to the industrial (par-
ticularly of the energy sector) and commercial activities. The introduction of the 
environmental crime figure in the Spanish regulations prompted the fixing of 
clear responsibilities to different actors. New obligations for industrial processes 
raised from this new legal framework and prevention of environmental prob-
lems instead of economic warnings were emphasized. 
Nowadays it is generally accepted that the interaction between industrial ac-
tivity and environment requires strategies, monitoring systems and effective 
control tools to mitigate possible hazards, particularly in highly pressured ar-
eas. A fine combination of oceanographic instrumentation, some knowledge on 
physical processes and operational oceanography are necessary to design and 
manage an effective surveillance system.
INNOVA oceanografia litoral, with the close involvement of the Laboratori 
d’Enginyeria Marítima LIM/UPC has designed, developed and installed a surveil-
lance system for monitoring the sewage of an industrial process ending in the 
reintroduction of the processed water into the port of Barcelona harbour.

PrOCESS DESCrIPtION
A volume of water is taken from the harbour of Port of Barcelona at 5-10 m 
depth to be introduced into two consecutive heat exchangers of the energy 
industry. The first process reduces its temperature in circa 6°C. The output of 
this first process is stabilized and is splitted into a main return volume (90% in 
volume) and in a secondary heat exchanger (freezing process) involving 10% 
of the original volume. This second process renders in a temperature increase 
of ca. 8°C, and salinity increase of ca. 50%. Some water is lost in evaporation, so 
only 70% of the secondary process is released, together with the main returned 
water, after a secondary mixing. The effluent should keep the original density of 
the incoming water to facilitate dilution.

THE S&T MONITORING SySTEM
The industry located in the Port of Barcelona was required by the environmental 
office of the Barcelona Port Authority to implement an on-line operative system 
to control and response behind significant changes in the structure of the sea 
water. 
To fulfil this requirements, a cluster of sensors have been deployed around the 
bottom driven effluent. One current profiler is intended to understand the dy-
namics of the water column and six CT sensors have been displayed around the 
effluent, at bottom (three instruments) and subsurface waters (1 meter bellow 
surface).
The aim of the monitoring system is intended for adjusting the relative volumes 
of the main and secondary volumes to ensure that the mixed returned water 
keeps the same density than the uptaken flow. In this way the dilution will be 
easily completed in a few tenth of meters from the effluent. 
The system should be reliable concerning the measurement process (instru-
ment quality and location); having almost real time access to the information for 
both the industry and the PA; customized data format according to PA standard; 
robust: traction and seawater resistant; and relocable: easy to move to other 
positions, in case of necessity.
The system is composed by one Doppler current profiler (Nortek Aquadopp 
profiler @ 1 MHz), six CT sensors (Valeport CT620 and miniCTs) and location 
pingers (Benthos ALP-365 EL). Six cables linking each instrument to a power au-
tonomous outdoor cabinet (solar modules) and a LogComm device (Campbel 
CR1000 with GPRS comm. device) and auxiliary elements such as customized 
frames for instruments, cables and safety elements.

Fig.1 Outdoor cabinet showing solar module and  acquisition/GPRS commu-
nication box.

Fig.2 Aquqdopp urrent profiler with CT probes and pinger on mooring frame.



Abstract - The purpose of this paper is to highlight scientific information resources 
that list journal and country rankings. These databases usually focus on the use of 
citation counts and number of publications to evaluate the interest, visibility and 
impact of research performance. The exposed resources are platforms that provide 
added value to authors improving their knowledge about research trends and also 
where to submit their papers. 

Keywords – Journal rankings, Country rankings, Visibility, Citation analysis, Biblio-
metric evaluation, Journal performance

I. INtrODUCtION
 This paper pretends to introduce the researchers and users of bibliographical 
databases to the journal and country rankings provided principally by two se-
lected resources.

  
II. ExPOSED rESOUrCES
  
Journal Citation Reports :
It’s the most important ISI’s analytical resource, using different metric tools like 
Impact Factor, Immediacy Index and Eigenfactor. Updated every year and cover-
ing data source from 1997, provides reports about almost 8.000 scientific jour-
nals previously indexed by ISI Web of Knowledge. 

Fig. 1: Thomson Reuters JCR’s logo

Fig. 2: SCimago’s logo

Adrià Martin Cantos
biblioteca de l’Escola Politècnica Superior d’Enginyeria
de Vilanova i la geltrú (Universitat Politècnica de Catalunya)
Rambla Exposició 37, 08800 Vilanova i la geltrú, Spain
Tel: +34 93 896 78 09  e-mail: adria.martin-cantos@upc.edu

JOURNAl ANd COUNTRY RANKINgS IN INSTRUMENTATION ANd 
OCEAN ENgINEERINg 

Instrumentation Viewpoint/11/ MARTECH11 92

 Research community members can evaluate and compare the impact and influ-
ence of these leading journals with different metric tools to decide, for instance 
where to publish his works and confirm the preferred journals status. JCR can 
show the most frequently cited journals, highest impact and largest journals in 
a field. In sum, serves to evaluate research output.

SCImago :
Open access resource retrieving data source contained in the already men-
tioned Scopus database. It’s a result of the collaboration between Scimago Re-
search Group and Elsevier and using the Google PageRank algorithm analyzes 
rank and compares scientific journals and country status. 

Provides users indicators like Scimago Journal Rank (SJR) and author’s h-index 
calculated with the PageRank of the journals indexed by Scopus.
Like JCR it’s updated yearly but covers information from 1999 to the previous 
current year due to its open access condition. To search for the very current year 
users must to consult Scopus database.

III. jOUrNAL rANkINgS BY jCr
Next are listed the ranking of the first ten journals with greater impact, accord-
ing to ISI 2010 data, distributed by four relevant Martech subject categories by 
ISI criterion too:

IV. COUNtrY rANkINgS BY SCIMAgO
Next are listed the ranking of the first twenty countries with most publications, 
according to SCImago 2010 data, distributed by three relevant Martech subject 
categories by SCImago criterion too:

V. CONCLUSIONS
 First, considering the ISI criterion about the way to divide the thematic catego-
ries, we can observe that some journals appears in various classifications, but in 
a different position, identified by the quartile, in his category rank. ISI’s Impact 
Factor provide relevant information to authors about the importance of every 
journal and gives they some indication for were to publish they works.
Second, observing the country ranks authors can see which countries are lead-
ing de research in similar thematic areas classified by Scimago. Country rankings 
calculates H index combining published documents and citations received in 
this documents. Taking into account the chosen categories, authors can observe 
the rank position of their preferred countries. Focusing the case in the ranking of 
Spain we can see that this country is relatively well positioned in Instrumenta-

Category: Instruments & Instrumentation

Category: Ocean Engineering
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Category: Marine Engineering

 Category: Instrumentation

   Category: Ocean Engineering

   Category: Oceanography

Category: Oceanography

tion and Oceanography but not much in Ocean Engineering.
 Finally and to conclude, these two resources can provide relevant data informa-
tion to authors and help them make decisions for their research.  
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