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The project involved the design, manufacturing, and deployment of the first tsunami 
early detection and warning buoys in the Mediterranean Sea and in Europe. The 
systems were installed in the Ionian Sea for the Istituto Nazionale di Geofisica e 

Vulcanologia (INGV)
.

The buoys enable real-time tsunami detection using seabed pressure sensors that are 
acoustically linked to a surface buoy. Data are transmitted via satellite to the Italian 
National Tsunami Warning Centre (Centro Allerta Tsunami) for immediate analysis.

The project was funded through the Piano Nazionale di Ripresa e Resilienza (PNRR) as 
part of the MEET – Monitoring Earth’s Evolution and Tectonics initiative, which aims to 
strengthen national geophysical monitoring networks and improve the understanding 

and management of natural hazards.

Italian National Tsunami Warning Centre: https://cat.ingv.it/it/
MEET Project: https://meet.ingv.it/

Although tsunamis occur less frequently in the 
Mediterranean Sea than in major ocean basins such 

as the Pacific, they remain a significant natural hazard 
due to the region’s active tectonic setting. Potential 

tsunami sources include seismic zones such as the 
Hellenic Arc and volcanic areas such as Santorini.

One of the historical limitations in tsunami detection 
in the Mediterranean Sea has been the lack of 

instrumentation in deep waters. Without offshore 
measurements, confirming the propagation of a tsunami 

wave before it reaches the coast is difficult.
Before this project, warning systems relied mainly on 

seismic data and coastal tide gauges. While these 
instruments are essential, they typically confirm the 

arrival of a tsunami only when the wave is already close 
to or impacting the coastline, leaving limited time for 

early warning.
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Executive Summary
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Project Description

Geographical and Technical Scope

Two complete buoy and sensor systems were deployed in the Ionian Sea, 

approximately 100 km offshore. One system was installed off the coast of 

Sicily at a depth of around 3,200 metres, and the second off Calabria at 

approximately 2,600 metres.

Main Objectives

Enable early detection of tsunamis 
in open waters before they reach 
coastal areas.

Integrate advanced real-time 
measurement and data transmission 
technologies.

Improve the accuracy and response 
time of national and international 

tsunami warning systems.
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Sonardyne: https://www.sonardyne.com/

Technology: How the TEWS Buoys Work?

The Bottom Pressure Recorder (BPR) 
manufactured by Sonardyne.

The EBM24TS surface buoy, developed 
and manufactured by MSM.

The Sentinel monitoring platform 
installed at the tsunami warning centre.

The system is based on the physical principle 

that even when a tsunami has small amplitude 

in deep water, it produces detectable variations 

in the pressure exerted by the water column on 

the seabed.

MSM’s TEWS system consists of three main 
components:

The MSM/Sonardyne TEWS system operates 

using the DART® (Deep-ocean Assessment 

and Reporting of Tsunamis) messaging 

standard developed by the National Oceanic 

and Atmospheric Administration, ensuring 

interoperability with international tsunami 

monitoring networks.

Pressure sensors on the seabed (BPR)
 

The BPR is installed on the seabed and continuously measures the pressure exerted by the water column, 

allowing the detection of sea-level variations associated with tsunami.

Each instrument incorporates the tsunami detection algorithm developed by NOAA. The algorithm compares 

measured pressure values with predicted values derived from previous observations while accounting for 

tidal and meteorological effects. When the difference exceeds a predefined threshold, the system switches 

to event mode and generates an alert.

The Sonardyne BPR system, based on the Compatt 6G acoustic transducer, includes:
A Digiquartz® pressure sensor manufactured by Paroscientific. Each pressure measurement is the 

average of fifteen one-second samples.

A Data Acquisition System (DAS), which logs the pressure measurement every 15 seconds onto an 

SD card and transmits data to the Digital Signal Processor (DSP). The DAS also executes the tsunami 

detection algorithm.

A Digital Signal Processor (DSP) and acoustic transducer.

A battery pack with a theoretical service life of up to four years.

The BPR uses digital acoustic communication technology based on 

Sonardyne’s 6G Wideband® system, enabling robust bidirectional 

underwater communications between 100 and 9,000 bits per second, even 

in challenging acoustic environments.

It operates in the LMF (Lower Medium Frequency) band to maximise 

communication range and allow operation at extreme depths of up to 4,000 

metres.

The sensor is deployed using a dedicated mooring system with a 

hydrodynamically shaped anchor weight that minimises drift during descent. 

An integrated buoyancy element ensures the instrument remains correctly 

suspended in the water column, maintaining optimal vertical alignment.

Each buoy system includes two BPRs sensors to provide redundancy, 

maximise operational availability and extend maintenance intervals.
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A highly visible daymark superstructure (1.3 
nautical miles visibility), fully enclosed and 

equipped with an anti-vandal locking system 
housing all onboard electronic equipment.

A float made from a solid closed-cell polyethylene foam core 
projected with a polyurethane elastomer layer, providing high 
elasticity, zero water absorption and excellent impact resistance.

EBM24TS Surface Buoy 

The EBM24TS surface buoy integrates a Sonardyne 

SMT (Surface Modem Transceiver) that enables 

bidirectional communication with the seabed BPR 
sensors and acts as the communication link with 

the tsunami warning centre.

Manufactured by MSM, the EBM24TS is a 2.4-metre 

diameter elastomer buoy designed to provide 

maximum visibility, safety, and durability. Given 

its critical role, the buoy is engineered to ensure 

extremely high availability and reliability to prevent 

interruptions in the transmission of BPR data.

The buoy incorporates:

The buoy is installed using a 
hybrid mooring system specifically 
designed for deep-water 
deployments at depths of 3,200 m 
and 2,600 m, respectively.

A redundant solar power supply system with 
vandal-resistant solar panel frames.

An MMB02 datalogger that processes and packages data received from 
the BPR via the SMT while controlling all onboard systems, as a whole and 
separately (including SMT, power supply, communication modems, and 
aids-to-navigation systems). It monitors the operation of the equipment 
through automated routines and diagnostics capable of detecting and 
recovering from system faults or equipment freezes. It incorporates a SD 
memory that can record the pressure measurements received from the 
BPR. It also allows to send remote commands to the BPR.

Bidirectional satellite communications with the tsunami warning centre via 
Iridium communications.
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A full set of Aids to Navigation, including radar 
reflector, LED marine lantern, AIS AtoN transponder, 
and GPS positioning system with tracking capability 
in case of buoy drift.



Rapid event confirmation: in 
the event of a real tsunami, the 

system reports variations in near 
real time, reducing uncertainties 
compared with systems based 

solely on coastal sensors. 

Real-time data: the new 
infrastructure allows pressure data 
to be received and processed 
within seconds, enabling alerts 
based not only on earthquakes 
but also on the direct detection of 
waves in the open ocean.

Longer warning time: the 
greater the distance and 

depth of detection, the more 
minutes are available to 

make evacuation decisions or 
activate emergency protocols.
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OPERATIONAL STATUS

Lantern operation

Buoy battery voltage

Total current

GPS position

CPU temperature

Transducer voltage

BPR battery voltage

Remaining BPR battery capacity 
and trend

ALARMS

Overconsumption alarm

Buoy battery voltage alarm

Communications alarm

Intrusion alarm

Impact alarm

Position alarm

Modem alarm

Transducer fault alarm

BPR temperature alarm

BPR hibernation alarm

BPR tilt alarm

Tsunami Warning Centre
Data transmitted by the TEWS buoys are received onshore and managed through MSM’s Sentinel 
software platform.

The system allows the visualisation of pressure time series from the BPR sensors as well as conti-
nuous monitoring of the operational status of all components within the TEWS system, including 
power systems, communications, positioning, sensors, and electronic subsystems.

The platform includes advanced cybersecurity features, two-factor authentication, and access control 

mechanisms, and enables:

Remote command transmission to both the buoy and the BPR sensors.

Full remote system reconfiguration.

Remote simulation of tsunami events. 

Automated alert notifications via email to authorised users.

Sentinel also provides maintenance management capabilities, allowing all service operations to be 

logged and enabling operators to track the operational status, installation dates, and serial numbers of 

key system components for maintenance planning and performance analysis.
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Design and Manufacturing
The system was designed and manufactured at MSM’s facilities in Valencia, with coordinated participation 

from several internal departments.

Under the leadership of the Oceanography Division, the project involved:

Technical Department – design of the EBM24TS buoy. 

Production Department – manufacturing and assembly of the buoy and its aids to navigation.

Oceanography Division – overall project management, integration of SMT and BPR systems, CPU 

design and manufacturing, functional testing, and installation.

Software Development Department – development of the Sentinel platform.

Quality Department – quality control throughout all project phases.

Pag: 14

Implementation Phases
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Deployment campaign 
On 9th September 2025, the buoys were loaded aboard the deployment 

vessel at the Port of Sagunto, and the Oceanography Division 

team, together with INGV technicians, began the deployment 

campaign.

On 14th September, the vessel reached the first 

deployment site, corresponding to the buoy located off 

the coast of Sicily. The TEWS buoy, its mooring system 

and the BPR sensors were successfully deployed, 

followed by functional testing of the complete system 

and verification of the satellite communication link with 

the control centre.

On 16th September, the vessel reached the second 

deployment location off the coast of Calabria, where 

the installation of the second buoy was completed.

During the transit, deployment operations and system 

testing, practical training was provided to INGV 

technicians to ensure effective knowledge transfer for 

the operation and maintenance of the system.
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Conclusion
The deployment of these tsunami early detection buoys in the 

Ionian Sea represents a technological milestone in the development 

of geophysical monitoring systems in the Mediterranean.

This new infrastructure will strengthen the tools available to the 

Istituto Nazionale di Geofisica e Vulcanologia for tsunami detection 

and analysis, expanding its capacity to observe the marine 

environment and enabling the generation of new data series that 

will contribute to a better understanding of these phenomena and 

the assessment of tsunami risk in the region.

Through this project, MSM reaffirms its commitment to the 

development of advanced ocean observation technologies and 

natural hazard monitoring solutions, supporting the deployment of 

critical scientific infrastructure for coastal safety and resilience.
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