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The work of many
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Cooperative projects 
with 
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Mexico, Peru, USA,

and EU members

Toulon, FR

Sines, PT



6

Opening the multiple vehicle frontier
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The INFANTE AUV - ISTUnderwater  Communications – very hard!
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Transmit in the vertical !

Underwater Communications
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Multi-vehicle operations
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Doppler
log

Scanning
sonar

low baud rate acoustic
communication link

(commands/data)

high baud rate acoustic
communication link

(data)

Autonomous Surface
Craft (AS C )

Autonomous Underwater
Vehicle (AUV)

Support Ship
Unit (SS HU)

Radio L ink

Radio L ink

Radio L ink

low baud rate acoustic
communication link

(emergency commands)

D ifferential G PS
- Mobi le Station -Differential G PS

- Reference Station -

Shore Station
Unit (SSTU)

GIB System
(buoy 1 of 4)

Radio L ink

Difficulties:  no reliable comms, miniaturized acoustic positioning
systems, and tools for seamless implementation of Motion and Mission

Control systems (ROS was not born yet!)

The ASIMOV concept (ASIMOV project, EC – 2000) – PT, FR, UK
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Neworked Systems : a New Era (2009 - )
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• Small embedded processors
• Advanced sensor suites
• New acoustic and optical modems 
• Miniaturized positioning systems
• Advanced algorithms for Cooperative Motion Planning, Navigation, 

and Control

Game Changers

Miniaturized USBL + Ranging Device + Acoustic Modems
[Evologics, Germany]
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MORPH / EC (2012-2016) 

MEDUSAD

INFANTE

DELFIM DELFIMX

Cooperative Marine Robots for Marine Habitat Mapping 
in Complex Underwater Environments: A New Paradigm
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MORPH / EC (2012-2016) 
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Habitat Mapping in complex 3D environments

Underwater cliffs, canyon walls,  fracture zones, 
seamount flanks, hydrothermal chimneys



A team of agents
operating as a 
virtual super

marine vehicle

Key MORPH concept: 
a self-reconfiguring robot for operations in 
complex 3D marine environments

MORPH / EC (2012-2016) 
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MORPH Vehicles

FP7-ICT-2011-7  Integrated project proposal 

18/01/2011  MORPH  

 

  Proposal Part B: page 15 of 15 

 

 

The habitat mapping scenario requires high accuracy 3D morphology mapping and high 
definition video imaging. The proposed core payload sensors are multibeam echosounder(s) 
and high definition camera(s). The problem of selecting the number of these sensors and 
placing them in an effective way is not trivial and should take in consideration many factors, 
like multibeam swath width, camera angle of view, illumination range, visibility, cost, and risk, 
to name a few. The MORPH concept allows for the exploitation of sensor placement without 
the conventional limitations of existing vehicles. This is a major advantage as explained next. 
In order to clearly introduce the key technological issues, a possible configuration for the 
MORPH supra-vehicle is shown in Figure 5. This diagram shows a flat bottom for simplicity 
of exposition and to not clutter the presentation. As explained, the key concepts involved can 
be extended to arbitrary surfaces.  

  

 

 

Figure 5: MORPH 3D Habitat Mapping, flat bottom. 

Solid blue lines represent direct path between the modems. The bottom coverage is 
highlighted. 

 

This MORPH supra-vehicle configuration, with one MBE (onboard LSV) and two CAMs 
(onboard C1V and C2V) is justified as follows: 

1. Both MBE acoustic range and swath width are in general greater than the CAM 

visibility and coverage, respectively. As such, a MBE flying at a higher altitude can in 

fact cover the area that is covered by the two CAMS.  

2. The LSV node will carry expensive equipment (the MBE and a very accurate 

navigation system based on DVL and AHRS) therefore it should keep a safe distance 

from the bottom. 

3. The MORPH goals require high accuracy in cooperative navigation in order to bring 

the nodes very close to each other. Using a standard USBL installed on a surface 

craft may not be enough because the accuracy decreases significantly with depth and 

9 partners
5 vehicle providers
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MEDUSAD

INFANTE

DELFIM DELFIMX

Cooperative Marine Robots for Marine Habitat Mapping 
in Complex Underwater Environments: A New Paradigm

9 European partners

Mapping of
vertical walls Video mosaic
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The MEDUSA vehicles

The sea-going machines
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Labs and equipment: R&D capabilities

The MEDUSA vehicles
Acoustics-enabled formation control

(MORPH project, AZORES, Sept. 2014)
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Labs and equipment
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S-acoustic source
1-Towed receiver geometry (hydrophones)
2- Ocean bottom geometry
3- Buried seafloor array
4- Vertical seismic profiler
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Probing under the seabed : the EC WiMUST project



Marine seismic surveys
18

• Vessel tows acoustic sources and long cables (streamers) up to 10km long, 
equipped with hydrophones, very close to the surface

• Acoustic sources shoot, waves reflect/refract off geological features on 
and beneath the seabed, hydrophones pick up these reflections

• Processing allows for inference of geophysical features
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M arine seismic surveys
54

• Vessel tows acoustic sources and long cables (streamers) up to 10km long, 
equipped with hydrophones, very close to the surface

• Acoustic sources shoot, waves reflect/refract off geological features on 
and beneath the seabed, hydrophones pick up these reflections

• Processing allows for inference of geophysical features
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Ultra high resolution Seismic Surveys in 2D and 3D 19
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Key applications: design of foundations for overwater and subsea
structures and anchors; assessment of burial performance for
pipelines and cables – marine windfarms



Ultra High Resolution Seismic (UHRS) surveys 

Courtesy of Henrique Duarte, GeoSurveys, Aveiro, PT

M
ar

in
e 

S
ei

sm
ic

 S
u

rv
ey

s



The WiMUST concept

Much shorter streamers (around 20 m)

Decoupled sources and receivers: 
Sources towed by vessel, streamers 
towed by AUVs in formation

Adaptive antenna: vehicles can adapt 
the formation to change the antenna 
geometry

Possibility of moving the antenna closer to 
the bottom
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Cooperative, Networked Motion Planning, Navigation, and Control
Nonlinear Control and Estimation, Range-based Localization, Optimization, 

Event-Driven Systems, Optical and Acoustic Communications

The theory behind: a glimpse
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Cooperative systems: key blocks required

Nominal trajectories & 
desired vehicle formation

Cooperative motion planning

Mission 
specification

Global and local, relative vehicle positions 

Cooperative navigation

Cooperative motion control
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Basic Building Blocks
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Basic building blocks

• 2 Acoustic sources: Delfim and Ulisse ASVs

• 2 Anchors and Distributed acoustic receiver array: Delfim and 
Medusa Black ASVs, Folaga 1 and Folaga 2 + Medusa Red and 
Medusa Yellow AUVs
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1:33
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Technical Highlights & Seismic Data Acquired

Full system implementation and final mission at sea
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Bring about a true revolution in the marine technology area by:
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• Focusing on challenging flagship initiatives
driven by end-users (including aquaculture,
renewable energies, fisheries, ocean modeling,
resources assessment and exploitation, etc)

• Merging innovation with core technologies for
seamless access to the water column, critical
infrastructures, and the deep sea.

The big push forward
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Cooperative multiple assets; sustained presence at sea; energy harvesting
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The future: Cooperative Robots and Humans in the Loop
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Automated Offshore Aquaculture

Tracking of Marine Mammals
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SOS4ATLANTIC: A NEW MIT-PT INIATIVE
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A Multi-Domain Atlantic Ocean-Space 
Observation System: Science, Technology, and Society
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SOS4ATLANTIC: A NEW MIT-PT INIATIVE
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SOS4ATLANTIC

Vision: 
lay the foundations for an 
Atlantic Ocean Observation 
Platform 
with far reaching
scientific, commercial, and 
societal impact.

Target use-case:
Study of ocean front dynamics and how they 
impact on pelagic and deep sea ecosystems

A System of Systems approach
integrating
Space, Air, and Marine segments

SOS4ATLANTIC
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SOS4ATLANTIC
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A System of Systems approach integrating 
Space, Air, and Marine segments 

for Ocean Science

Multi-vehicle SOSystems
Modeling and     

Forecasting

Ocean front and  
ecosystem studies

Networked 
adaptive 
ocean 
observation
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A showcase of technological assets for 
science and the industry
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NRP D. Carlos class 
Oceanographic 

Vessel

RV Águas Vivas Fleet of 20 surface and underwater 
autonomous marine robots – FEUP, IST, 

MIT

10 unmanned air 
vehicles –

FEUP & TEKEVER

SOS4ATLANTIC
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