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Abstract— The European project “Wind, Ports, and Sea” 

(VPM), funded by the European Cross-border Programme “Italy–

France Maritime 2007-2013”, aims to improve the safety 

conditions and to reduce the hazards by the development of a 

coupled monitoring and forecast system of the sea-state outside the 

main harbors of the Northern Tyrrhenian and Ligurian Seas. In 

particular, the sea and wind forecasts are evaluated by using a 

numerical model specifically implemented for this project and the 

monitoring system is made of measuring stations installed on the 

coast near the harbor areas.  

The Port Authority of La Spezia has implemented a pilot 

project based on a new method, called OS-IS (Ocean Seismic - 

Integrated Solution, [1]), for the inland remote monitoring of the 

sea. 

The key advantage of OS-IS is that is installed inland, inside a 

building, and there are no parts in the sea. The core elements of 

the system are high sensitivity accelerometers and specifically 

developed algorithms for the evaluation of the sea state using the 

micro-seismic signals on the basis of mathematical models and 

fitting calibration factors.  

After more than one year since the first installation, OS-IS has 

shown a high level of reliability and the validity of the 

measurements has been demonstrated by comparison with those 

of the buoys. In the following, the installed systems will be shortly 

described and compared with the conventional methods. 
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I. INTRODUCTION  

The project VPM [1] is the continuation and improvement 
of the previous project “Wind and Ports” (WP, [3]) and concerns 
the monitoring and the forecasting of wind and sea in the 
Northern Tyrrhenian. The partnership includes the main harbors 
of the area (Genoa, La Spezia, Livorno, Savona and Bastia) and 
a scientific partner (DICCA). It aims to provide real-time 
information related to sea and wind conditions during the 
entrance and exit from the harbors that are the most critical 
moments of the navigation. 

In detail, the project aims to implement a monitoring and 
forecasting system for the wind and sea, focusing on the areas in 
front of the harbors, in order to favor the accessibility in safety 
conditions and avoiding hazards for the personnel, passengers 
and shipped goods.  

As far as the forecast system is concerned, a third generation 
spectral wind-wave model that simulates the growth, decay, and 
transformation of wind-generated waves and swells in offshore 
and coastal areas is presently being implemented all over the 
Western Mediterranean Basin, with variable resolution ranging 
from 16 km offshore to 100-200 m near the coast at the ports 
entrances [4]. The wave model will be coupled to a 
meteorological model, which will provide it with the wind fields 
at 10 m above the sea level to trigger the wind-generated wave 
conditions. 

Based on the previous experience of WP, the wind 
monitoring system consists of different type of sensors 
(anemometers and LIDARs, Light Detection and Ranging) in 
many sites located near the harbor areas. 

One of the main problems we faced for the project VPM was 
the monitoring systems for the sea since the requirements are 
quite strict and demanding. The system has to be: 

1. reliable; 

2. accurate (precision, sampling rate, etc.) and able to 
perform comprehensive monitoring of the whole 
area of interest; 

3. real-time monitoring; 

4. sustainable and affordable; 

5. no authorizations required from authorities. 

These requirements came from three different stakeholders: 
the weather forecaster (DICCA), the financing authorities (Port 
Authority of La Spezia) and the end users (e.g. ship 
commanders, port operators, Corps of Harbour Masters and 
Coast Guard, etc.). 

The weather forecasters ask for a comprehensive and 
detailed data that led to the first two requirements. Indeed the 
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req. 1 is fundamental for the integrity of the data; the req. 2 is 
important for a detailed comparison between the model outputs 
and the measurements; in particular, it should be possible to 
validate the model in many different zones of the studied area. 

The financing authorities ask for a system that has to be 
affordable and sustainable for a long time in order to guarantee 
an effective service to the end users. This led to the last two 
requirements that make possible to meet also the others and 
especially the possibility to install many stations to provide a 
comprehensive monitoring of the area. 

Finally, the end users are very interested to the success of the 
weather forecast model which lets them plan their activities in 
safe conditions and effectively. Nevertheless, they are also 
interested on the real-time monitoring (req. 3 and 2) in the area 
of interest, which lets them keep under control the weather 
conditions regardless of the forecast. 

 For all the previous reasons, the authors got to a new 
approach that will not focus only on the quality of the data, 
which of course is very important, but also on the possibility to 
implement close, reliable, affordable and sustainable monitoring 
networks. Indeed these requirements have already been an issue 
for some previous works and we think that the integrity and the 
length of the monitoring data is, for scientific purposes, as 
important as their quality.  

There exist many different methods to monitor the sea waves 
[5],[6]: some of them are based on satellites, others on 
instrumentation installed underwater but the only practicable in 
terms of our requirements are radars and buoys. As we will 
further investigate, also these last two options result to be very 
demanding and onerous: this led us to explore new solutions 
though we had to accept some disadvantages. The new solution 
was proposed by INGV that, together with AGI, developed OS–
IS: this will be compared with the other techniques and its first 
result in the VPM project will be shown in detail. 

II. SEA WAVES MONITORING: EXISTING AND NEW SOLUTIONS 

Only the buoy is recognized as a robust method to measure 
the waves among the systems we will analyze. Indeed, the wave 
measurement capability of the radar is still not very well known 
and, while useful data can be provided, care has to be taken to 
ensure that the quality is suitable for particular operational 
applications [7]. Nevertheless big radar networks have been 
installed with the main purpose of measuring the currents on the 
sea: from a technical point of view, these are suitable to measure 
the waves on condition that special algorithms are used. OS-IS 
approach too, has been used only for research purposes so far 
[8]-[13] and VPM is actually a pilot project. Anyway, here we 
are exploring the new and promising solutions because, as we 
will show, the buoys may not be always practicable. 

A. Buoys and radars monitoring systems 

There are many examples of monitoring networks based on 
buoys or radars very well described in literature (e.g. the 
National Data Buoy Center of USA, NDBC and its radar 
network [14], the Italian Buoy Network, RON, of Istituto 
Superiore per la Protezione e la Ricerca Ambientale, ISPRA 
[16]-[18], the Australian Coastal Ocean Radar Network, 

ACORN [15], etc.). Unfortunately, the key information related 
to our requirements are seldom provided.  

It is clear from literature that the buoys are the most complete 
devices for the sea monitoring providing comprehensive and 
high quality data (waves, temperature, salinity, level of the sea, 
weather conditions, etc.). Unfortunately, from the point of view 
of sustainability these require huge efforts and some projects has 
been stopped for this reason: e.g., the RON is not working since 
1st of January 2015. This issue comes from the vulnerability of 
the buoys to communication problems, failure of the system, 
breakage of the mooring, vandalism, etc., which require 
continuous and very expensive maintenance operations [16]-
[18]. 

The radar networks are extensively used to monitor the 
currents in the sea but are not a fully developed technology for 
the measurement of the waves. A unique feature is that they can 
provide data on a grid (e.g. 4x4 km2 resolution) over an area 
(150x150 km2). Tables I and II show the features of buoys and 
radar systems in terms of the requirements of sec. I. 

TABLE I.  BUOY FEATURES 

B. OS-IS monitoring system 

It is well known since the beginning of the 1900 that the sea 
waves are sources of a micro-seismic noise and this 
phenomenon has been described with more and more precise 
models since the 1950 by Longuet-Higgins [1],[8]-[13]. Indeed 
the key elements of OS-IS are high sensitivity accelerometers 
(provided by AGI) and specifically developed algorithms that 
evaluates the sea waves by processing the micro-seismic signals. 
With this method, we can measure the power spectrum of sea 
waves (not directional) from which we can evaluate the most 
important parameters like: significant waves height (Hs), mean 
period (Tm), peak period (Tp). 

 The possibility to install OS-IS inside a regular building 
results in many advantages versus existing solutions. It is easy 
to install, maintain and, in general, it is reliable because 
protected from environment; it has all the facilities available in 
the building (power supply, network connections, etc.). It can be 

Req. 

N. 
Eval. Comments 

1 Fair 

Exposure to weather conditions and hazards due to 

the maritime traffic make the buoys very vulnerable 

to damage. The buoys of RON network have shown 
very low uptime (worst cases also 50%)   

2 
Very 

good 

The buoy technology is recognized as the most 

accurate method to monitor the sea waves. 
Unfortunately  due to sustainability, affordability  

and authorizations, to moor many buoys is often 

not practicable   

3 Good 

Real-time monitoring is nowadays a routine even 

for buoys moored off-shore in the ocean. 

Nevertheless communication issues can happen. 
The usual data rate is 1 sample every 30 min. 

4 Fair 

The NDBC proves that huge buoys network are 

feasible and sustainable. Nevertheless these 

systems are very expensive (>100 Keuro) 
demanding and not sustainable in many cases (e.g. 

RON) 

5 
Bad to 

Fair 

Legal authorizations and an interdiction area to the 
navigation are required. This may be an issue in 

harbor areas. 



installed in the majority of the locations and, on the contrary of 
other solutions, it has no limitations (e.g. harshness of 
environment, permission requirements, interdiction areas, 
difficulty of maintenance operations, etc.).  

It is an affordable solution and provides results comparable 
with those of very expensive systems. Table III shows its 
features in terms of the requirements in sec. I. 

TABLE II.  RADAR FEATURES 

Req. 

N. 
Eval. Comments 

1 
Very 

good 

In three years of operations the average uptime of 
ACORN stations was from 93 to 95% that proves 

its reliability [19],[20] 

2 
Fair to 

Good 

The best algorithms to evaluate the waves 
parameter from the radar measurements are still 

subject of research. Nevertheless good results have 

been extensively shown 

3 
Very 

good 
It can provide data with 10 min. rate. 

4 Fair 

The costs of a radar and of the algorithms for the 

evaluation of the wave state may not be affordable 
(>100 Keuro) but the low maintenance required 

makes it sustainable.  

5 
Bad to 

Fair 

Installation of radar usually requires long 
authorization processes. Some of the ACORN 

stations have been installed with 2 years of delay 

for this reason [20] 

III. OS-IS FOR WIND, PORTS, AND SEA 

 The OS-IS system used for VPM project is made of three 
micro-seismic stations installed near the La Spezia gulf since 
December 2013 (Pezzino in December 2013, Lerici in February 
2014, Bonassola in April 2014, see locations in Fig. 1): each 
station is equipped with a weather station (Davis) and a data 
logger (see Fig. 2) that automatically transfers the data to a 
central server (see Fig. 3) that runs the algorithm of OS-IS. The 
INGV, has temporary installed a sea wave buoy, which, together 

with the one of the ISPRA, provides data to validate, compare, 
characterize and further develop OS-IS. 

As mentioned before, the RON is not working since January 
2015 and now the VPM OS-IS network is one of the only 
monitoring system working in Liguria and, overall, in Italy. 

A. Data validation 

Data from the OS-IS have been compared to those published 
by ISPRA from the buoy of La Spezia: these are a reference. The 
first analysis showed a good correlation (>90%) and a lower 
limit in the measurement of the Hs (from 0.2 to 0.4 m, see Fig. 
4 and 5).  

This lower limit is due to the background noise that covers 
the signal from the sea waves. It makes even more difficult to 
evaluate the period, especially the peak one that is not provided 
for values of Hs lower than 0.7 m. For values above 0.7 m but 
still low, the evaluation may be not completely reliable and some 
of the samples have to be discarded. The choice of the site is 
very important to reduce the level of noise: the accelerometer 
should be installed at the ground floor in a room not regularly 
used by people and far from roads or other anthropic activities.  

TABLE III.  OS-IS FEATURES 

Req. 

N. 
Eval. Comments 

1 
Very 

Good 

The location and the availability of infrastructures 

(power supply, network, etc.) makes OS-IS very 
reliable: around 99% uptime. 

2 
Fair to 
Good 

Good quality of the principal waves parameter (Hs, 

Period) but it does not measure their direction. 
Installation of comprehensive network is usually 

feasible  

3 
Very 
Good 

Its location makes the real-time easily practicable 
(10 min. data rate) 

4 
Very 
Good 

The location reduces the complexity and, overall, 

the costs (<100 Keuro). Nevertheless, OS-IS does 
not require high maintenance because is protected 

by the hosting building 

5 
Very 

Good 

It is a passive solution which does not affect the 
environment or other human activities: for this 

reason it does not require any authorization.  

An important source of noise comes also from the 
earthquakes which may cause exceeding measured values of Hs 
and, consequently, wrong evaluation of the period. Fortunately 

the effects of an earthquake are quite short (10 min for Hs and 
less than 1 hour for the period) and they do not really 
compromise the monitoring activities. 

An automatic quality check system has been implemented in 
order to help the users to interpret the measurements. This is 
based on the signal to noise ratio and on the presence of 
earthquakes: it will be the subject of future publications. 

TABLE IV.  OS-IS RELIABILITY 

Station 

Name 

Months of 

operations  
Uptime ratio 

Pezzino 16 99.7% 

Lerici 14 98.9% 

Bonassola 13 99.1% 

Fig. 1. Position of the OS-IS sites for the VPM project and of the buoys of 

ISPRA and INGV. 



B. Reliability 

After more than one year of operations OS-IS has 
demonstrated excellent performance in terms of reliability. 
Table IV shows the availability of data from the three stations: 
this indicates that they were working but it does not take in 
account failures of the communication system or of the server. 
Indeed the data remain buffered in the data logger of each station 
for more than one month and are automatically recovered when 
the whole system is back online.  

The most of the fails recorded were due to long power supply 
interruptions that required intervention of the local personnel.  

IV. CONCLUSIONS 

Nowadays most of the monitoring systems for sea waves are 
expensive, not sustainable, and often not practicable solutions. 
This makes the waves monitoring affordable only by big 

institutions therefore centralized and vulnerable not matching 
the requirement of collecting long time series of data and 
providing a stable solution to the users. We faced these issues in 
the project VPM whose aim is the safety in the navigation and 
the activities in the harbors areas.  

We see OS-IS as a new solution since it is affordable, 
sustainable, easy to implement, it does not need any 
authorization and it has shown a high level of reliability. The 
main reason of these advantages is that it is installed inland, 
inside regular buildings.  

In addition, the quality of the data is comparable with that of 
other solutions even though less detailed (e.g. the direction is not 
determined). This and further issues concerning the data analysis 
will be the topic of future works.

  

Fig. 2. Each measurement station is multiparametric including the accelerometer, which is the core of OS-IS, a weather station and a GPS to synchronize the data 

from other stations. The Datalogger stores and sends the collected data through an internet connection to the server. 



  

Fig.4. Comparison of OS-IS and ISPRA buoy measurements of Hs. 

Fig. 5. Comparison of OS-IS and ISPRA buoy measurements of Hs, mean period and peak period. The 

black dots rappresent the measurements of the buoy while the colorful ones are from OS-IS. 
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Fig. 3. OS-IS monitoring network and reference buoys of INGV (provided by Hydrasolution) and ISPRA 

(WatchKeeper, AXYS). All the measurement stations transfer the data to central server which performs the 

elaborations and then send the data to DICCA. 
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