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Invited Presentations 
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EU Funded Marine Robotics and 
Applications  

 
IST, Lisbon, Portugal      18-19 June 
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Proceedings of the Workshop 

Sponsored  by the EU CADDY project 
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Program Committee 

Nikola Miskovic, Joerg Kalwa,  
Giovanni Indiveri, Benedetto Allotta 
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Organizing Committee 
(IST/Institute for Systems  
and Robotics - ISR) 
 
Chair: António Pascoal 
Members: João Gomes, Paulo Oliveira, Luis Sebastião  
 

Contacts:  
Antonio Pascoal (antonio@isr.ist.utl.pt) 
Filipa Almeida (falmeida@isr.ist.utl.pt) 
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First edition  
in  

Rome, 
 Italy 2014 
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The 2nd EMRA workshop summarized current EU FP7 
and H2020 projects on marine robotics and provided 
a platform for marine stakeholders to share and 
discuss current  technological challenges and 
achievements.  
� �
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To researchers:  
 
EMRA2015 offered the opportunity to 
disseminate current work and highlight new 
application areas that warrant further R&D 
effort.  
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To marine stakeholders: 
 
EMRA2015 allowed for the cross-fertilization 
of ideas and offered novel approaches to meet 
future challenges in ocean ocean exploration 
and exploitation. 
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Program: 
 
•  11 EU Projects; Representatives from the industry. 
•  Invited talks: issues that are at the crossroads of 

marine technology, science, and commercial 
applications (deep sea mining,  offshore wave/
energy, marine habitat mapping, oceanography, 
marine megafauna tracking). 
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11 EU projects, 14 invited presentations  

from the academia and the industry 
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Session 1. Chair - Antonio Pascoal 

9:00     ROBOACADEMY (EU project)  
9:30  T1.1 - Mapping the seafloor in rough terrain with 

 AUVs:   mission planning versus real-time responses 
 Dana Yoerger, WHOI, USA 

 
11:00  NOPTILUS (EU project)  
11:30  T1.2 - Challenges of seabed mining in a sustainable 

 world:  let's do it right! 
 Jorge Relvas, Fac. Sciences of the University of Lisbon 
 (FCUL), PT 

12:00  EURATHLON (EU project)  
12:30  Open discussion - CHAIR D1 -  Marcus Cardew 
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ROBOCADEMY 
EU PROJECT  

 

Thomas Vögele, DFKI, Berlin, DE  
 



A European Network for Education 
in Underwater Robotics

Thomas Vögele, DFKI 
EMRA’15 WS

18.6.2015
Lisbon



• Funded by EU in Marie Curie Programme (FP7)

• Project started 1.1.2013, duration 48 months

• Total budget: 3,6 Mio €

Objectives:

 Select young researchers worldwide and turn them into highly sought-

after professionals in the area of underwater robotics

1. Develop key skills with scientific and soft-skill training

2. Develop enabling technologies in underwater robotics

3. Foster co-operation between academia and industry

The ROBOCADEMY Initial Training Network



The ROBOCADEMY consortium

3



ROBOCADEMY Associated Partners

4

N° Associated Partner 
name

Short name Country Organisation
type*

1 Alfred Wegener Institut 
für Polarforschung

AWI DE Public

2 Univesitat Politecnica 
de Catalunya

UPC - SARTI ES Public

3 Subsea7 Ltd. Subsea7 UK Private

4 Marine Systems 
Institute

MSI EE Public

5 BP Exploration 
Operating Co Ltd.

BP UK Private

6 BAE Systems Ltd. BAE UK Private



ROBOCADEMY unites Academia & Industry



Three application scenarios

6

Currents

Turbidity

Dynamic environments

Failing technical
components

Robust UW vehicles for

long-term 
deployment



The Pillars: Research / PhD programs

7

• At the core of Robocademy: 

13 interlinked research projects

• 13 early stage researchers (ESRs) as

Robocademy fellows

• Requirement: MS in relevant field, no
residency in host country, worldwide

• Receive 3 year contracts at host institute / 

company

• Objective: develop key enabling
technologies in three action lines



Objective: Enable precise robot control
under real-world conditions

• Fish-like flow sensors for improved vehicle
control (TUT)

• Machine learning for optimized UUV motion
models (DFKI)

• Machine learning for automated UUV fault 
detection (DFKI)

• Multi-agent framework for co-operative AUVs 
in real environments (NTNU)

AL1: Disturbance Rejection

88



Objective: Enable high-resolution 
environment perception in the ocean
under real-world conditions

• Object-recognition with dolphin-sonar
(broadband multi-chirp sonar) (HWU)

• Improved optical sensing to
compensate for UW effects (UdG)

• UW perception with sensor fusion
(optical/sonar) (CMRE)

• Multi-vehicle object recognition (HWU
• 3-D scene recovery/understanding

(SeeByte)
• Dynamic single vehicle object

recognition (Atlas) 

AL2: Perception

9

) (HWU)

(HWU



Objective: Develop key technologies in support of long-
term autonomy of AUVs in dynamic real-world
environments.

• Semantic models for task re-planning and failure recovery
(HWU)

• Multi-vehicle / swarm navigation and localization (GT)

• Reliable long-range navigation under energy constraints and
in extreme environments (e.g. under ice) (NOC/NURC)

AL3: Autonomy



13 Robocademy fellows from 13 countries 

11

France

Lebanon

Seebyte

Greece

NERC/NOC

Netherlands

Atlas

Iran

NTNU

Brazil

DFKI

Chile Russia

HWU

Mexico Spain

TUT

Portugal

CMRE

Slovenia

UdG

Marocco

Graaltech



• The PhD effort of each fellow is supervised and co-supervised by

qualified academics (if possible from within the network) 

• Each fellow prepares a Career Development Plan together with his/her 

supervisor

• The ROBOCADEMY Progression Board supports the fellows and

monitors their progress

• Secondments of at least 6 months cummulative duration to

ROBOCADEMY beneficiaries and associated partners support exchange of
ideas and networking with industry and academia

PhD support programme

12



The foundations: Scientific training

13

 NT-1 Advanced principles of robotics
 NT-2 Autonomous underwater robotics
 NT-3 Machine Learning for autonomous

robots
 NT-4 Visual Perception
 NT-5 Robotic Motion Planning for Non-

holonomic & Multi-Agent Systems
 NT-6 Fluid dynamics workshop and  

experimental methodology
 NT-7 Operation of UW vehicles 
 NT-8 Underwater sensing and vehicle 

operation
 NT-9 Research paper reading circle



All academic beneficiaries contribute



Learning, networking, having fun

15

Visit at associated partner AWI

Group photo DFKI UW facility

Courses at UdG and DFKI



The roof: Soft-skills

16

 Working in project teams

 Training courses (e.g. project
management, paper writing, proposal
writing etc.)

 Secondments to core and associated
partners (academia industry)

 Papers in conferences & journals

 Participation in events (e.g. eurathlon)

 …



• Project is up and running

• All ESRs hired and working

• All research projects in progress

• First network training courses successfully completed

• Secondments will start soon

• Robocademy co-operation for eurathlon

• First papers in progress

Status

17



Thank you for Attention! 

For more information on ROBOCADEMY: 

The ROBOCADEMY management team: 

Thomas Vögele & Tom Runge, DFKI (Germany)                         
thomas.voegele@dfki.de/tom.runge@dfki.de

Internet: www.robocademy.eu

Facebook: facebook.com/robocademy

Twitter: @ITN_Robocademy

18
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Mapping the seafloor in rough 
terrain with AUVs:  

mission planning versus  
real-time responses 

 
Dana Yoerger, WHOI, USA 

 

 
 



Dana  R. Yoerger
Senior Scientist

Dept. of Applied Ocean 
Physics and Engineering

Woods Hole Oceanographic 
Institution

Mapping the seafloor in rough terrain with AUVs:
Mission Planning versus Real-Time Responses



WHOI's Vehicle Family Tree



Scientific Drivers for Deep Submergence Technology

• Understanding the Dynamics of the Mid-Ocean Ridge
• Search for hydrothermal vents
• Survey for corals on seamounts 

– Benthic ecology 
– Paleoclimate studies from fossil corals

• Deep sea volcanoes
• Subduction zones, exploring the trenches
• Polar exploration: under sea ice and glacial ice
• Methane seeps: carbon budget?
• The unexpected: hydrocarbon plumes from deep sea oil 

spills.
• What's next?



Mid-Ocean Ridge Exploration



Mariana Trench

ROV
mode

AUV
mode

WHOI, Johns Hopkins Univ,
SPAWAR Systems Center

AUVs in Extreme Environments
Abyssal Depths



Project Famous 1974: the birth of scientific deep 
submergence

Archemede (France)

Cyana (France)

Alvin (USA)

Physiographic map of the North Atlantic 
Ocean by Bruce C. Heezen and Marie 
Tharp

Photos from WHOI 
Archives



LIBEC: wide-area photography of the deep 
seafloor

ANGUS Tow Sled (WHOI 
archives)

US Navy LIBEC system 
(WHOI archives)



FAMOUS photo analysis

LIBEC mosaic (US Naval 
Research Lab)



Tow Sleds: Deep Tow

Spiess, F. N. East Pacific Rise: Hot springs and geophysical experiments.
Science. 207 (4438):1421-1432. (1980).

Lonsdale, P. and K. Becker. Hydrothermal plumes, hot springs, and conductive heat flow in the 
Southern Trough of Guaymas Basin. Earth Planet. Sci.Lett. 73:211-225. (1985).



ANGUS survey capabilities

• 35mm film cameras
• On-vessel processing
• LBL acoustic navigation
• Height and temperature determined by pinger trace, manual winch 

control
• Manual vessel control, often with under-actuated vessels, highly 

dependent on human skill
• In later years, vessel and winch controlled from science van
• WHOI Towcam and FSU Driftcam are descendents



Discovery and Exploration of Hydrothermal Vents: 
1977-1979

ANGUS photos and temperature readings used to 
vector Alvin to vent sites along the Galapagos Rift
Alvin took close up photos and samples
Model for our present strategy of AUV geophysical 
survey followed by ROV or HOV survey



Tow Sled: Argo

•Coaxial cable: 1 video channel, ~500 watts of power
•SIT camera and strobes
•Klein sidescan
•LBL navigation, flux gate compass, pressure depth



Discovery of Titanic: Argo Tow Sled and ANGUS



Jason's Closed-Loop Control System



Jason flying closed-loop survey tracks over Faulty Towers



Photomosaics and scanning-sonar maps

Kelley, D.S., J.R. Delaney, and D.R 
Yoerger. 2001. . Geology 29:959–962.

Yoerger, D.R, Kelley D.S, Delaney, 
J.R, Int J. Robotics Research, 2000



Autonomous Underwater Vehicles



Sentry AUV Data Products

Fine-scale bathymetry
3D photo reconstruction, Australian 
Centre for Field Robotics (Pizarro)

Chemical mapping with Tethys 
Mass spectrometer (Camilli) Plume mapping



ABE proposal 1989



ABE operations 1994-2010



ABE dives 1994-2010

Completed
Proposed
Scheduled
Vent discoveries
RIP ABE

222 deep ocean dives
>3500 km of bottom tracks
>1800 hours survey time
many unsupported by ROV or HOV

Operated from 10 vessels from
5 countries
Lost Feb 2010, Chile Triple Junction



ABE



Original ABE Bottom-Following (Bachmayer, 
Bradley, Yoerger)



Long Baseline Acoustic Navigation



ABE on the Southern East Pacific Rise (SEPR)
1999 (Sinton, Cormier, Ryan et al)



     

Surface bounces and random noise

Yoerger et al, Int. J. 
Robotics Research, 
2007



Precise Descents

Tracks from 8 dives

ABE Tracklines, Southern East Pacific Rise, 1999

Cormier et al, Geology, 2003



ABE Bottom-Following in 1999 across
SEPR Rift Valley



ABE Maps Confirm model of Mid-Ocean Ridge Evolution

Cormier et al, Geology, 2003



Lost City Site



Argus and Hercules 
ROVs
Photo courtesy Kelley, 
U of Washington, IFE, 
URI-IAO, NOAA

The carbonate structures at the Lost City Field include 
these spires stretching 90 feet tall.



ABE Map Reveals Faults that Control the  Lost City 
Hydrothermal Vent Field

Kelley et al, Science, 2005
Karson et al, Geochemistry, Geophysics, Geosystems, 2005



ABE Tracklines at Lost City, 2003



ABE Tracklines over Lost City spires



Lost City detailed bathymetry



Lost City detailed bathymetry



ABE dives 1994-2010

Completed
Proposed
Scheduled
Vent discoveries
RIP ABE

222 deep ocean dives
>3500 km of bottom tracks
>1800 hours survey time
many unsupported by ROV or HOV

Operated from 10 vessels from
5 countries
Lost Feb 2010, Chile Triple Junction



Some consolation...



Sentry AUV



Mapping the Galapagos Rift with Sentry



Havre Volcano: erupted explosively in 2012 
(Carey, Soule)

Carey et al, EOS 
Transactions AGU 2014, 95, 
pp157-164



Havre Volcano: Sentry Tracklines (Carey, Soule, 
Yoerger)

Carey et al, EOS Transactions AGU 2014, 95, pp157 164



Sentry Bottom Following (Jakuba, Kaiser, 
Yoerger)

•In mission planning, use vessel multibeam data to choose 
tracklines that are most achievable, oriented along contours if 
possible
•Use RDI DVL beams as source of data for height-off-bottom
•Choose the shortest height of the available beams
•Define an “envelope” of a specified thickness at the nominal 

desired height
•Depth setpoint is driven to the center of the envelope
•If depth is below the envelope, switch to “ROV” mode, slow 

down, and drive up
•Logic to deal with loss of DVL data (too high or too low? Other 
DVL quirks such as “search mode”)



Sentry Mission Planning

Carey et al, EOS Transactions AGU 2014, 95, pp157 164



Havre Volcano: Sentry Bottom Following (Carey, 
Soule, Yoerger)

Carey et al, EOS Transactions AGU 2014, 95, pp157-164



Havre Volcano: Sentry Bottom Following (Carey, 
Soule, Yoerger)

Carey et al, EOS Transactions AGU 2014, 95, pp157 164



MBARI Dorado Bottom Following (Caress, 
Thomas)

Carey et al, EOS Transactions AGU 2014, 95, pp157-164

Images courtesy of MBARI



MBARI Dorado Bottom Following (Caress, 
Thomas)

Carey et al, EOS Transactions AGU 2014, 95, pp157-164

•Vessel bathymetry used explicitly to construct 3D 
commanded trajectories that respect constraints on 
vehicle pitch
•DVL heights used in real-time to refine vertical 
commanded path
•If the vehicle should get too close, the main propulsor 
is halted, and the vehicle rises passively. The mission 
resumes when the desired height is achieved.



Formal methods with look-ahead

       , pp157-164



DVL enters “Search Mode” when less than two 

beams are received 



Practical aspects of bottom-following 

•The terrain is usually 3-dimensional
•Apriori bathymetry is helpful but insufficient
•Height sensors (DVL?) work well MOST of the time, but 
often fail in the most difficult circumstances
•DVLs are sophisticated devices built for other purposes 
and may change their behavior with software upgrades 
from the manufacturer
•DVLs report the same result when the vehicle is very 
close to the bottom or when it is too high above the 
bottom
•DVLs can exhibit other unwanted behavior like “search 

mode” (example)

•A logical layer is required to ensure that the system 
responds properly to loss of height information



Ideal Bottom-Following

•Take full advantage of pre-existing bathymetry
•Robust to limited resolution of pre-existing bathymetry 
and navigational error
•Produce optimal (or at least good) trajectories with 
respect to the vehicle dynamics (forward speed range, 
turn rate, ascent/descent rate)
•Accommodate imperfect behavior of the height 
sensors, including dropouts, resets, and ambiguous 
results
•We should have an analytical framework for the 
correctness of the algorithms other than simulation and 
testing



Polar ROV “Nereid UI”

Top Following?

<-20km->



Conclusions

Scientific exploration technology has advanced significantly 
over the last 50 years while producing high-quality scientific 
results
AUV bottom-following remains a challenge
A combination of preplanned reference trajectories and 
real-time responses work best
Control theoretic methods are very useful, but must be 
combined with logical layers to deal with non-ideal behavior 
of sensors for height-above-bottom
We should formalize our methodologies to embrace both 
control theoretic methods and graceful handling of sensors 



This work has involve many collaborators, from both 
science and engineering

• Al Bradley: inventor of ABE
• ABE Team: Andy Billings, Rod Catanach, Al Duester, Mike 

Jakuba, Jordan Stanway
• Sentry Team: Andy Billings, Rod Catanach, Al Duester, Erik 

Dawe, Cara Lapointe, Scot McCue, Jordan Stanway, Justin Fujii, 
Zac Berkowitz, Johanna Hansen

• Scientific collaborators: Maurice Tivey, Paul Johnson, Marie-
Helene Cormier, John Sinton, Deb Kelley, Dan Fornari, Hans 
Schouten, Scott White, Jeff Karson, Adam Soule, Rebecca Carey
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NOPTILUS 
EU PROJECT  

Fernando L. Pereira, FEUP, Porto, PT 
 

 

VENUEVENUE



compLete
UnderwaterSystems

NOPTILUS

compLete
UnderwaterSystems

NOPTILUS
FP7-ICT-2009.6: Information and Communication Technologies

Project overview

Fernando Lobo Pereira
FEUP

June 17th, 2015

IST, Portugal



PROJECT 

OVERVIEW



Project Acronym: NOPTILUS

Project Number: 270180

Project Start Date: April 2011

Duration: 4 Years

Funded by: EU FP7

Program: 

Information and Communication 

Technologies, 

FP7-ICT-2009.6

EU Funding: 3.8 Meuros

NOPTILUS summary
For information regarding this Project: Check the Project Web-Site: 
http://www.noptilus-fp7.eu

Participants

1 Centre for Research and Technology 

(CERTH, GR)

2 Faculdade de Engenharia da 

Universidade do Porto (FEUP, PT)

3 Eidgenössische Technische 

Hochschule Zürich (ETH, CH)

4 Delft University of Technology (TU 

Delft, NL)

5 Telecommunication Systems Institute 

(TSI, GR)

6 Imperial College (Imperial, UK)

7 OceanScan - Marine Systems & 

Technology, Lda (MST, PT)

8 Administração dos Portos do Douro e 

Leixões, SA (APDL, PT)



Advancing the state of the art
– Human-operators perform high-level tasks & assign low-level tasks to AUVs;

– Many operators needed in cases of multi-AUV systems;

NOPTILUS single main novelty is to determine – fully-

autonomously & in real-time – the AUVs’ trajectories /

behavior that maximize situation awareness subject to 

the severe communication,  sensing & environmental

limitations



Technical Objectives

• Low level Objectives: Improve Communication & Sensing Capabilities
(WP3)

– Collaborative, cognitive UW acoustic communications

– Underwater cognitive sonar sensing

– Underwater active vision using photometric stereo for “seeing through
murky waters”

– Cooperative localization & AUV motion strategies for active
localization

• Medium-level Objectives (WP4, WP5)

– AUV trajectory control (depending on localization capabilities)

• Coordinated motion control

• Sensory-motor control

– Distributed & cooperative map creation (“cartography’’) and process
(e.g., spill, vehicle) tracking



Technical Objectives

• High-level Objectives (WP6, WP7)

– Situation awareness

– Automated AUV assignment and trajectory generation for concurrently 
optimizing situation awareness and 
localization/communication/sensing capabilities



NOPTILUS system



System breakdown structure
Noptilus systemNoptilus system

Unmanned 
Vehicle(s)
Unmanned 
Vehicle(s)

AUV(s)AUV(s)

ASV(s)ASV(s)

ROV(s)ROV(s)

Control 
station(s) 
Control 

station(s) 

Mobile phonesMobile phones

Gateway(s)Gateway(s)

ComputersComputers

Gateway(s)Gateway(s)
Long baseline 

system
Long baseline 

system
Support vesselsSupport vessels

Control station(s) Control station(s) 

Gateway(s)Gateway(s)

WinchesWinches

SensorsSensors

BuoysBuoys

Gateway(s)Gateway(s)

SensorsSensors

Acoustic comsAcoustic coms



Light AUV (LAUV)
Designed for interactions – networked behavior



AUV operations

Making L&R simple



• Navigation
– Analog Devices ADIS16488 MEMS IMU

– Microstrain 3DM-GX3-25 MEMS IMU

– Honeywell 1700 Tactical grade IMU (1-2 
degrees per hour)

– LinkQuest NavQuest 600 Micro Doppler 
velocity log

– U-Blox LEA-6H GPS unit

• Acoustic communications
– EvoLogics S2CR 18/34

– Neptune Sonar T217

• Wireless communications
– Ubiquiti PicoStation M2HP Wi-Fi module

– Huawei MG323-B dual-band GSM/GPRS 
module.

– Iridium 9602 SBD transceiver

AUV sensors, coms, and computer

systems
• Sensors

– Imagenex 852 echo-sounder.

– Imagenex 872 Yellowfin sidescan sonar

– Imagenex 837B Delta T Multi-beam sonar

– Edgetech 2205 dual-frequency side-scan 
sonar

– Lumenera Le165 megapixel camera

– AML SV Xchange sound velocity sensor

– Valeport MiniSVS sound velocity sensor

– RBR XR620 CTD

• Computer systems
– Main CPU: IEI PM-LX800 with on-board 

AMD Geode LX 800 (500MHz) processor

– Secondary CPU: BeagleBone Black 
AM335x 1GHz ARM Cortex-A8



Manta Gateway

• Battery powered portable communications hub

• Deployed from ship, RHIBs and buoys

• Technical specifications
– Programmable

– GPS

– Compass

– Communications
• 802.11gn 2.4GHz and 5Ghz

• Freewave
• Acoustic Modems
• Delay Tolerant Networking (DTN)
• LBL Tracking
• GSM

• Iridium



LSTS software tool chain

Command and control for 
ground/ship stations

Command and
communications protocol for 
heterogeneous vehicles

Onboard 
software for 
vehicles, 
gateways

Field tested in thousands of operations with air and ocean vehicles
Users group from 12 countries



Neptus consoles



Neptus consoles

Selected vehicle

(controlled)

Selected vehicle

(controlled)

Map interaction modesMap interaction modes

Systems listing and 
selection

Systems listing and 
selection

Mission elementsMission elements

Plan controlPlan control

NotificationsNotifications

Send abort request 
(wi-fi / acoustic)

Send abort request 
(wi-fi / acoustic)



Neptus consoles
Systems listing and 

selection
Systems listing and 

selection

Vehicle subsystems stateVehicle subsystems state

Vehicles ConfigurationsVehicles Configurations

Vehicle Log BookVehicle Log Book



Neptus consoles

Plan edition controlsPlan edition controls

Planning 
map interaction mode

Planning 
map interaction mode

Edited plan statisticsEdited plan statistics

Edited plan (yellow)Edited plan (yellow)

Active plan (gray)Active plan (gray)

Selected maneuverSelected maneuver

Parameters of 
selected maneuver

Parameters of 
selected maneuver



Neptus consoles

Plan Color indicates
synchronization state
Plan Color indicates

synchronization state
NOTE: The edited plan can differ 
from the plan that the vehicle is 
currently executing

White= localWhite= local

Green = Sync.Green = Sync.

Red = Not Sync.Red = Not Sync.

Viotet= RemoteViotet= Remote

Send Plans to VehiclesSend Plans to Vehicles



Neptus consoles – Log 

download dialog
Remote log folderRemote log folder

Log files being 
downloaded 

are shown here

Log files being 
downloaded 

are shown here

Log files contained in the 
seleted log folder

Log files contained in the 
seleted log folder

Log folder already 
downloaded

Log folder already 
downloaded

Synchronize log listing with 
the remote vehicle

Synchronize log listing with 
the remote vehicle



Neptus mission review and

analysis

SideScan Sonar ImagesSideScan Sonar Images

List of available
visualizations

List of available
visualizations



Neptus mission review and

analysis

Several plots available or
to be created

Several plots available or
to be created

List of available dataList of available data



Neptus mission review and

analysis

Photos taken
vizualization
Photos taken
vizualization



Neptus mission review and

analysis

3D Multibeam display3D Multibeam display



Neptus mission review and

analysis
Plan reviewPlan review



Neptus mission review and

analysis

Several exporters
available

Several exporters
available

Plan statisticsPlan statistics



Operations



Setup

ACCU

Neptus 

CCU

Neptus 

and 

Google 

Earth

Manta

LBL 

beacon

LBL 

beacon

Base Station Visualization

Pier

IMC

IMC

IMC

IMC



Scenario

Second week Jan 2014

Severe sea conditions

Container lost inside the harbor

Location unknown

Navigation safety at stake

Terminal closed

APDL: lost container



APDL: container found

Time-critical problem

APDL not able to find container

Closure of harbor considered

APDL contacted FEUP for help

NOPTILUS system deployed

Container found in a couple of hours

Container recovered

Terminal re-opened to operations



APDL testing & evaluation (1-2 

weeks/month)



Operations outside the harbour



The NOPTILUS project

A fully-autonomous navigation system of teams of 

AUVs for static/dynamic underwater mapping



Problem Definition

– employing a various 
number of 
heterogeneous  AUVs

Optimal Trajectory Generation for 
Underwater Map Construction:



– employing a various 
number of heterogeneous  
AUVs

– inside a morphologically 
unknown terrain

Problem Definition

Optimal Trajectory Generation for 
Underwater Map Construction:



Problem Definition

Optimal Trajectory Generation for 
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Problem Definition

– employing a various 
number of heterogeneous  
AUVs

– inside a morphologically 
unknown terrain

– exploiting in the best 
possible way the "gained" 
information coming - in 
realtime - from the AUVs' 
sensors

– improving the overall 
SLAM efficiency 

– be able to perform 
secondary tasks 

Optimal Trajectory Generation for 
Underwater Map Construction:



Significance
Plethora of applications:

• harbor security

• post-disaster infrastructure 
inspection

• continuous infrastructure monitoring 
to prevent accidents

• underwater archaeology

• habitat mapping

• etc

Hardness
The vast majority of the missions 

rely on off-line calculated 
trajectories 

• applying exploration patterns 
similar to lawn mower

Even simplified versions have 
been proven NP-hard

One-step-ahead optimization 
techniques or relaxed versions 
of the NP-hard may overcome 
that but:

• the closed form that relates the 
SLAM efficiency to the overall 
multi-robot team dynamics is not 
trivial

• optimizing SLAM efficiency may 
lead to severe deadlocks



The proposed optimal-based control

methodology

• Based on PCAO – Parametrized Cognitive Adaptive 
Optimization-, an optimal control-based approach

• Extremely computational fast and efficient

• Employs Bellman’s Principle (or, equivalently, the 
Hamilton-Jacobi-Bellman equation)

• “Optimality” is guaranteed in cases of 
• Events/incidents (addition or removal of an AUV, an 

event identified by the situation understanding 
mechanism, etc)

• Operator commands (e.g., so as to modify the missions 
objectives)

• Optimization-based: allows to interface with other 
modules (by appropriately modifying/revising the 
performance criterion)



The proposed optimal-based control

methodology

The final PCAO-based NOPTILUS navigation module:

• Employs a transformed version of the mapping 

accuracy/coverage 

• Automatic re-design in cases of events, incidents or 

operator commands

• Interfaced to 

• Localization module 

• Underwater Acoustic Communication Maps 

• Situation Understanding Module 

• Operator Commands

%



Complete NOPTILUS System



Real Life Experiments

Scenario1: Team of 3 AUVs face a malfunction

Scenario 2: 2 AUVs deployed to perform 
mapping and target tracking

Both the experiments were conducted
In a square area 240x240 meters.

Under severe weather conditions (yellow alarm)

The duration of each experiment was T = 450 timesteps
(where by a new time-step is defined whenever new 
waypoints are sent to the AUVs)



Ground Truth Map Today’s Usual Practice



• Blue lines AUVs trajectories 

• Magenta sphere current AUV 

position

• Black tiles Unknown territories 

(have not ever been measured by any 

of AUVs) 

• Colorful tiles sub-areas where the 

AUVs have started (and may 

completed) their estimation process.

– Dark-blue: A perfect match 

between the estimated and 

ground truth map is acquired

– Dark-red: The estimated one 

doesn’t have any 

correspondence with the actual 

surface

Scenario 1-

AUV malfunction
Graph explanation



Scenario 1- Video Demonstration

Time-step 100 One of the AUV’s 

propeller didn’t responds to our 

control commands

Compact Navigation scheme

– minimize the revisits in already 

estimated tiles



Another AUV swept the tiles, that 

would had been normally assigned 

to the malfunctioned one.

Scenario 1 – Operation Reproduction

A closer look

Navigation algorithm assimilates the 

new system dynamics and 

continue its mapping task



• The moving target is 

marked as brown sphere, 

while its estimation is 

marked as gray sphere.

• Minimize Euclidean 

distance between one 

AUV and the moving 

target.

• The task of mapping for 

this AUV becomes a 

secondary objective.

• At the same time, the 

other one is building an 

accurate map of the 

underwater surface.

Scenario 2 – Target Tracking



Scenario 2 – Correcting the incomplete

tiles’ estimation by the second AUV 

The first AUV (on the right) performs a 
“sloppy” tiles’ estimation (cyan-green
tones) , in order to be able to “chase” 
the moving target 

The second AUV revisits the poorly 
estimated tiles and achieves the 
satisfactory level of mapping accuracy



Scenario 2 – “Switch” in Target

Monitoring
The target is assigned to first (right 
AUV), but the distance between both 
the AUVs and target is more or less the 
same

Noptilus-1 now is responsible for the 
target tracking, relieving the Noptilus-3 
for this “burden” in order to perform a 
dedicated mapping task

The algorithm chooses to make the transitions only when the AUVs have 

more or less the same distance from the target, in order to avoid 
undesirable increases in the estimation error of target’s motion.



Scenario 2 –

Error in tracking estimation



Conclusions

Extend the basic PCAO-based methodology so 
as to incorporate:

a revised version of the mapping efficiency

information coming from other NOPTILUS modules

PCAO’s superiority against other state-of-the-
art optimization algorithms

Ideal for real-life implementations
utilizing heterogeneous vehicles

independent of the SLAM methodology employed

deal with various fault situations/events/operator 
commands
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Challenges of seabed mining in  
a sustainable world:  

let´s do it right! 
 

Jorge Relvas, Univ. Lisbon, PT 
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1 – Mineral resources: a societal issue 

2 – Deep sea resources 

Mn Nodules and Polymetallic Crusts 
SMS and Ophiolite-Hosted Massive Sulfides 

REY – Rare Earth Elements and Yttrium 

3 – Sub-seafloor replacement 

4 – Seabed mining: the future is now 

5 – Protect the ocean: let’s do it right 
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6 – Marine resources of Portugal 
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1,6 million kilograms of minerals, metals and fuels in their lifetime! 
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~ 9.000 millions 
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Economic Importance 
vs. Supply Risk 



Criticality matrix 2014 



Prices Rise 



Fossil fuels transition 



 

NextGen nuclear power

Offshore wind

Nuclear fusion

Geothermal

Space technologies
Solar fuels
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Critical raw materials for green energy 

•  	 MND|� � DO � |�I L9 M|DMbO8� T� �I |8� �I IMbO8� s PMbO8

 B� MbO8� � IIbPMbO

•  � � P� � �P |DL9 �B |D�B bO8� � PMbO8� P�L � T� tOMbO8
� � T� tOMbO8� �O �P MbO8� bPTCMbO8� � P� MbO �B �
� t LCPTLMbO

� � � � C�P |O � B|T � B� PNt8~5•5J � PM, � �I � �| � PM�I L � |P�| � Nt8•%7C
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What’s in your electric car? 
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Cobalt & electric cars 
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REE & Global Use 



REE & High Tech Apps 



Resource scare 2011 
•  China produced 97% of the rare earths (La, Ce…)
•  (also: much W and Mo; South Africa: 95% of PGE)



     
Growing populaWon and growing consumpWon

push demand on raw materials
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Europe: a mining past 
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Europe: alarm bells 
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Europe: alarm bells 
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Europe: alarm bells 
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Recycling, Reducing, Replacing 



Substitute performance 

www.pnas.org/cgi/doi/10.1073/pnas.1312752110







Marine mineral resources 



Erosion of the continents 
•  Cassiterite (Thailand, Indonesia)

•  Gold sands (Alaska, N Zealand, Filipines)

•  Diamonds (Namibia, South Africa)

–  <200m depth

–  Value US$ 109•a-1

•  Sand and gravel

–  Construction

–  Beach recovery



Lisbon | June 18, 2015 

Deep sea resources 
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•  � MI �B � N�L
•  � � |D�B � Dt � P�| � L
•  � M� PT� � L8� MTOTI� � bI� L



 
 

 
 



Mn nodules 
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Mn nodules 
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Mn nodules  
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Mn nodules (Co, Ni, Y, Tl) 
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Mn nodules 
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Polymetallic crusts 
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Polymetallic crusts 
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sms environments 
•  � �L |LCP� �� MBNPM� N� L m� �L | � �� MU� � ML� H
•  � ITn LCP� �� MBNPM� N� L m� � � 8� TO �P 8 TN�| � D� oH
•  � I|P�ff LITn LCP� �� MBNPM� N� L m T� RMxL � �L |I� H
•  � � � MO � B|� � PM� N� L m� |I�B , L 
 
 8� M� � I� � �I I� t 8� L� �B �� �
� PTbND8� b�t O �L � �L MBH

•  � TI� �B M� �P � L �B � � �� Rff�P � L m� PT|D� PL8� �B bL � �L MBH
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(Elosta, 2014)
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VMS Mineralization at the Modern Seafloor 

� T � MU� � � t � D�B RL 
 
 
 m~5•~H�F � P
	 �B BMBN|TB � | �I Jm~55( H�B � � TL|PTO

� | �I Jm•) %) H

� ML|PM� b, TB T � � �	   TTP
� � |�I IM � PTbL � � � MO � B|8
� �L LMo� � bIU� � � � CTLM|L8
�B � 	 t � PT|D� PO �I � � B|L



TAG 

TAG active mound 
simplified stratigraphy 
from ODP drilling in 1994 

Cu + Zn + Au 

metalliferous sediments 

 surface       ODP 
 (n=120)      (n=95) 

Cu (wt.%)  7.4     2.1 
Zn             12.1    0.6 
 
Au (ppm)  3.1     0.5 
Ag              173     8 
Pb              316     72 

� � C|Dk%( 5O
� M�O � |� P~55O
D� MND|75O
/ � |y ~J•v � b85J%v � B

	 �B BMBN|TB � | �I 8•) ) …
(modified from Humphris et al. 
Nature, 1995) 

silicified wallrock breccias 

paragonite+chlorite alteration 

fresh basalt 
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� � � �B � TCDMTIM|� ffDTL|� � � � � � � CTLM|L
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� � � � � CTLM|L



� CDMTIM|� ffDTL|� � � � � � � CTLM|L



� CDMTIM|� ffDTL|� � � � � � � CTLM|L
Deposit Locality Age Volc/Sed M Tonnes Cu (%) Zn (%) Ag (ppm) Au (ppm)

Tilt Cove Nfld Ord. Volc. 6.1 1.24 - - -
Whales Back Nfld Ord. Volc. 3.8 1.05 - - -
Little Bay Nfld Ord. Volc. 3.1 1.32 - - 0.07

Beatson Alasca Eocene Sed. 5.4 1.65 - - -
Big Mike Nevada U. Paleo. Volc. 4.0 1-10.5 - - -
Turner-Albright Oregon L. Juras. Volc. 3.3 1.5 3.3 15 3.8

Saramaki Finland E. Prot. Sed. 34.0 0.71 0.63 - -
Outokumpo Finland E. Prot. Sed. 28.5 3.8 1.07 8.9 0.8
Luikonlahti Finland E. Prot. Sed. 7.5 0.99 0.5 - -
Vuonos Finland E. Prot. Sed. 5.9 2.45 1.6 11 0.1

Lokken Trondheim Ord. Volc. 25.0 2.1 1.9 19 0.29
Skorovass Trondheim Ord. Volc. 6.6 0.73 1.65 10 0.1

Barna Galicia L. Paleo. Volc. 20.0 0.55 - - -
Arinteiro Galicia L. Paleo. Volc. 11.0 0.67 - - -

 Hyal As Safil Oman Cret. Volc. 8.0 2.3 0.12 9.5 -
Lasail Oman Cret. Volc. 8.0 2 0.04 - -
Arja Oman Cret. Volc. 3.0 2 0.06 - -

Limni (stockwork) Cyprus Cret. Volc. 16.0 1 - - -
Mavrovouni Cyprus Cret. Volc. 15.0 4 0.5 39 0.3
Phoenix (stockwork) Cyprus Cret. Volc. 15.0 0.5 - - -
Kalavasos-Mousoulos Cyprus Cret. Volc. 6.9 1 0.5 6 1.71
Skouriotissa Cyprus Cret. Volc. 5.4 2.3 0.06 69 -
Agrokipia B Cyprus Cret. Volc. 4.5 0.4 0.06 - -
Limni Cyprus Cret. Volc. 4.2 1.41 - 2.7 3.39
Kinousa Cyprus Cret. Volc. 4.0 1.5 - - -
Kokkinopezoula Cyprus Cret. Volc. 3.5 0.2 - - -
Mathiati Cyprus Cret. Volc. 3.0 0.2 1 - -
Pitharakhoma Cyprus Cret. Volc. 2.3 0.25 0.25 - -

Asikoy Kure Cret. Sed. 31.6 2.17 - - -
Bakibaba Kure Cret. Volc. 4.4 2.2 - - -

Ochiaizawa Japan Cret. Sed. 6.8 2.2 - - -

Barlo Luzon Cret.-Paleo. Volc. 2.1 1.6 - - -

Deerni Qinghai Cret. Volc. >50.0 - - - -
China

Japan
ASIA

Major ophiolite-hosted VMS deposits worldwide                                                                                                             
(> 2 million tonnes; compilation by Galley and Koski, 1999))

Oman

Cyprus

Turkey

Phillipines

Finland

Norway

Spain

MIDDLE EAST

NORTH AMERICA
Canada

United States

EUROPE

Saramaki Finland E. Prot. Sed. 34.0 0.71 0.63 - -
Outokumpo Finland E. Prot. Sed. 28.5 3.8 1.07 8.9 0.8

Lokken Trondheim Ord. Volc. 25.0 2.1 1.9 19 0.29

Barna Galicia L. Paleo. Volc. 20.0 0.55 - - -

Limni (stockwork) Cyprus Cret. Volc. 16.0 1 - - -
Mavrovouni Cyprus Cret. Volc. 15.0 4 0.5 39 0.3
Phoenix (stockwork) Cyprus Cret. Volc. 15.0 0.5 - - -

Asikoy Kure Cret. Sed. 31.6 2.17 - - -

Deerni Qinghai Cret. Volc. >50.0 - - - -



Spreading rate control 
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VMS distribution within ophiolite suites 
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VMS distribution within ophiolite suites 
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Hydrothermal alteration and mineralization 
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TROODOS, CYPRUS 
  

From Hannington et al. (1996)



  
TROODOS  

(Cu (Zn) Au ) 
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VMS Mineralization at the Modern Seafloor 
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Metalliferous Sediments

Massive Sulfide
Chimney FragmentChimney Fragment
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8.35 wt Cu 
5.1 wt% Zn 

0.57 wt % Co 
5.7 ppm Au 

n.d. Ni 
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Rainbow 

27.98 wt% Cu 
0.63 wt % Co 

672 ppm Zn 
6.3 ppm Au 

n.d. Ni 

ISS/Cpy 

Cov 
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Artic Ocean: ultra-slow spreading ridges 
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(Galley et al., 2007, modified from Barrie and Hannington (1999) by Franklin et al. (2005), 
with the addition of the hybrid bimodal felsic as a VMS-epithermal subtype of bimodal-felsic) 
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Galley et al., 2007, after 
Franklin et al. (2005),
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Pacmanus hydrothermal field – ODP/Leg 193 

 



Roman Ruins: dacitic volcanic rocks 

 

 



Pseudobreccia vs. hydrothermal breccia 

 

 



Subseafloor replacement: Hole 1189B 
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Roman Ruins: gold  
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*Shallow subsurface replacement of volcanogenic siltstone; 
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Seafloor Sulfides: a Resource Perspective 

 

Oceanic exploration is in 
its infancy! 



Seafloor Sulfides: a Resource Perspective 

 

Mineral exploration 
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Seafloor Sulfides: a Resource Perspective 

 

ü Applied research versus industrial activity 
ü Seafloor and sub-seafloor massive sulfides 
ü  Inactive hydrothermal fields 
ü High potential, but must be demonstrated 
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Mining: a clean act 
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‘Dirty’ Mining is Past 
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Green Mining is Now 
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Green Mining is Now 



Marine ecosystems and 
environmental issues 
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Marine mineral resources at the Portuguese continental platform 
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Country EEZ km2 
Extended 

continental 
platform 

Total 
jurisdiction Land area 

 USA 11 351 000 11 351 000 9 629 091 

 France 11 035 000 11 035 000 652 090 

 Australia 8 505 348 2 500 000 11 005 348 7 692 024 

 Russia 7 566 673 7 566 673 17 098 242 

 UK 6 805 586 6 805 586 242 900 

 NZ 6 682 503 6 682 503 270 467 

 Indonesia 6 159 032 6 159 032 1 910 931 

 Canada 5 599 077 5 599 077 9 984 670 

 Brazil 3 660 955 911 847 4 572 802 8 514 877 

 Japan 4 479 388 4 479 388 377 930 

 Portugal 1 727 408 2 150 000 3 877 408 92 090 

 Chile 3 681 989 3 681 989 756 102 

S
ub

m
ar

in
e 

ar
ea

s 
Ratio  

marine/
land 

1,2 

16,9 

1,4 

0,4 

28 

24,7 

3,2 

0,6 

0,5 

11,9 

42,1 

4,9 



VMS Mineralization at the Modern Seafloor 
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To Rise the Tech Readiness Levels 
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EURATHLON 
EU PROJECT  

 
Gabriele Ferri and Fausto Ferreira,  

CMRE, La Spezia, IT 
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Gabriele Ferri, 
Fausto Ferreira

NATO Centre for Maritime Research and Experimentation (CMRE) Viale San 
Bartolomeo 400, La Spezia, Italy

euRathlon - an outdoor robotics 
challenge for land, sea and air

University of the
West of England
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Vision
• euRathlon is a research project funded by European Commission and

coordinated by Prof. A. Winfield, University of the West of England

• To provide real-world robotics challenges that will test the intelligence and
autonomy of outdoor robots in demanding mock disaster-response
scenarios

• Inspired by the 2011 Fukushima nuclear accident we have been creating a
competition that requires autonomous flying, land and underwater robots
acting together to survey the disaster, collect environmental data, and
identify critical hazards

• Leading up to this Grand Challenge in year 3, were directly related land and
underwater robot competitions in years 1 (Berchtesgaden – Germany, 2013)
and 2 (La Spezia – Italy, 2014), respectively

University of the
West of England
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Bringing together expertise from the European Land 

Robotics challenge…

• ELROB

– Established 2006
Scenes from C-ELROB 2011, Leuven 

Belgium
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…the Student Autonomous Underwater Challenge – Europe

Images from SAUC-E 2011, La Spezia, Italy

• SAUC-E
• Established 2006
• From 2010 organized by  

CMRE at CMRE water 
basin
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…and the workshop on Research Development and 
Education on Unmanned Aerial Systems (RED-UAS)

• Organized by FADA-CATEC, 2011

• 150 participants, 12 countries
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High level aims
• To spur advances in practical, usable real-world 

intelligent autonomous robots 
– The world’s first competition which combines ground, 

underwater and air robots, that require intelligent autonomous 
robots to work together in disaster response scenarios

– Pushing the state-of-the-art in multi-robot collaboration, 
cooperation and shared situation awareness to tackle real-world 
complex tasks in dynamic environments.

– An open and user-led process of defining the multi-robot 
competition scenarios, and related standards for outdoor 
robotic vehicles

– An open process for creating research, industry and user-
recognised benchmarks for robot performance measurement 
and comparison

– Workshops that foster a community of competitors
– Imagination grabbing competitions
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Year 1
euRathlon 2013

23-27 September

Berchtesgaden, 

Germany
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euRathlon 2013 winners
• Mobile for handling hazardous materials.

1st Telerob, 2nd ELP and 3rd SPACEAPPS

• Reconnaissance & Surveillance in urban structures (USAR).

1st ELP, 2nd Telerob, 3rd IMM-IAIR

• Search & Rescue in smoke-filled

underground structure.

1st Telerob, 2nd ELP, 3rd ENSTABretagne

• Autonomous navigation. 

1st MuCAR, 2nd RIS, 3rd NAMT

Additional awards:

• Novel Scientific Solution:  RIS

• Creative Solution:  NAMT

• Best Team Effort: E15
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euRathlon 2014 marine robotics competition 
29th September – 3rd October 2014, CMRE water basin, 

La Spezia, Italy

La Spezia

CMRE  salt 
water basin
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1)  ENSTA Bretagne – SAUC’ISSE, France

2)  ENSTA Bretagne – CISSAU , France

3)  Scuola Superiore Sant’Anna – Shark, Italy

4) DFKI GmbH and University of Bremen – Avalon, Germany

5)  Robdos/UPM – Robdos, Spain

6) University of Girona – Vicorob, Spain

Participant teams 
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1. Long distance underwater navigation - reaching the disaster area

2. Environmental survey of the accident area (mapping) – understanding the 
effects of the disaster (follow a wall, identify an anomaly and mapping some 
Objects of Potential Interest (OPIs))

3. Find the leaking source and inspect the pipeline – localizing the leak 
(tracking a plume composed of OPIs, inspect an underwater structure and 
localize a stopcock)

4. Underwater manipulation - solving the issue (manipulation of levers and 
interaction with underwater structures)

5. Combined scenario (to accomplish simplified versions of the cited tasks in 
sequence)

euRathlon 2014 tasks (daily competitions)
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Some results… day 1, 29th September   
Long range autonomous underwater navigation

 4 waypoints have to be reached  outside the CMRE basin (1 km of distance to be 
covered)

 Cooperative navigation encouraged

Ranking:
1. University of Girona – 1 AUV
2. SAUC’ISSE  - 1 AUV and 1  surface vehicle

Notes:
Good results by using cooperative 
navigation – SAUC’ISSE;  
good performance with  DVL-based navigation –
Girona

Navigation for the Girona team (blue) and the SAUCISSE team (yellow for AUV,

purple for USV). The waypoints and the surfacing points of the Girona team are

showed. Note that the ENSTA Bretagne AUV did well until contact was lost with the

USV which finished its mission too quickly and stopped sending data after reaching

the last waypoint (at that time, the AUV was still in transit between waypoints 1 & 2)
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Results: day 2, 30th September   
Leak localisation and structure inspection
 Simulated plume was to be followed by mapping/tracking the orange OPIs
 The underwater structure was to be imaged and mapped and the stopcock identified

Ranking:
1. University of Girona
2. Avalon
3. SAUC’ISSE
4. CISSAU
Notes:
OPIs and structure detected and inspected; difficulties
in detecting the number. The pipeline structure was
mainly localized by mapping the area

Girona multi-beam mapping and 
stopcock detection

3D reconstruction via a 
camera of  the structure 

(Avalon)

Girona’s optical 
mosaic
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Results: day 3, 1st October 
Underwater manipulation
 Stay in touch with the pipe assembly structure, turning the valve and grabbing the 

pole+ring structure bringing it to the surface

Ranking:
1. University of Girona
2. Avalon
3. CISSAU
Notes:
Girona and Avalon completed the tasks, tele-operation was used
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Results: day 4, 2nd October 

Environmental survey
 Follow the wall, find the anomaly (buoy with flashing light),  area inspection to map 

orange OPIs

Ranking:
1. Avalon
2. University of Girona / SAUC’ISSE
4. CISSAU
Notes:
The majority of teams succeeded in following the wall and detecting the OPIs.

Anomaly 
detected by 

CISSAU

Sonar wall 
tracking by 
SAUC’ISSE

OPI detected by 
SAUC’ISSE
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Results: day 5, 3rd October 
Combined scenario
 Long range autonomous navigation to enter the area, wall following and area 

survey, pick and place task

Ranking:
1. University of Girona
2. SAUC’ISSE
3. Avalon
4. CISSAU

Notes:
First time a complex scenario with different tasks 
was presented 

Avalon white 
OPI detection 

First time a complex scenario with different tasks 
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Sponsors and supporters of euRathlon 2014
 Office of Naval Research Global (ONRG) sponsored the competition providing money

for prizes and for the organization of the event

 Other direct sponsors/exhibitors were BQ (they sent two 3D printers as exhibition),
NIST - exhibitor, EC Managed

 Clearpath Robotics was a supporter offering a strong discount for the purchase of
their Kingfisher surface vehicle

 CSSN supported us during the organization of the event



 E       

euRathlon 2014 competition summary

 Good feedback in terms of interest by the community: SAUC-E/ euRathlon now are
well-known brands

 Good results by some teams (especially Girona, Avalon and SAUC’ISSE). This showed
the feasibility of 2015 scenarios. These teams are ready to face the 2015 Grand
Challenge

 Growing interest in the (marine) robotics community

 As next step, more effort is needed in vehicle cooperation and autonomy (e.g. in
manipulation)
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euRathlon workshops

2013: Workshop euRathlon

Berchtesgaden, Germany, 
September, 2013

2014: Workshop euRathlon/ARCAS, 
Seville, Spain, May, 2014

2015: Workshop euRathlon/Sherpa, 
Oulu, Finland, June, 2015



       

Piombino, Italy, the euRathlon 2015 “Grand Challenge” venue

Partners/patrons
Sponsors
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euRathlon 2015 event areas:  city locations

Castle: 
workshop/invited talks

Bovio square:  
Directional Centre, 

exhibitions
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Scenarios inspired by the 2011 Fukushima-Daichi 
accident to prepare the 2015 Grand Challenge

An industrial devastated area and marine robots to intervene
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euRathlon 2015 event areas:  competition site

Area close to the ENEL-owned Tor del Sale electric plant



       

Competition area:  surroundings of Tor del Sale electric power plant 

 A building to simulate the reactor chamber; nearby land area for land robots
 Ease of flying robots
 Protected harbor for marine robots; availability of open waters for long range

navigation
 Places for gazebos (for public and teams) in the ENEL area

Area for 
gazebos 

(public and 
teams)

Protected 
harbor area –
marine robots

Flying robots 
area

Building and 
surrounding areas –

l d bots 
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The euRathlon 2015 Grand Challenge

A – Finding missing workers
B – Surveying and monitoring the 

area of the accident
C – Stopping the leaking by 

closing stopcocks in the building 
and underwater 



       

4. Team prep. 

3. Office

2. Reg/info

S

Arrival/shuttle 
drop off area
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Plan for the Tor del Sale area

Indoor land/flying robot competition areas (pale blue)
Outdoor land robot competition areas (violet)
Outdoor spectator area and access path (orange)
Robot team control/launch areas and access paths (brick)
Metal structures (blue)
S: Secure storage for robots and equipment
Toilet/washroom trailer

1. Spectator tent 
~15m x 30m

Tents (green)
1: Spectator tent, with seating, display screens and PA, and 
cafeteria, capacity ~400
2: Tent for registration, information and security
3: Tent for (a) euRathlon staff, (b) press office 
4: Team preparation tent (pit lane)
5: (Optional) tent for exhibitors/sponsors

Sea robots

Land  
pipes

Land  
pipes

Land  valves 
inside the 

Machine Room

Sea robotsSea robots

Underwater 
pipe and valve 

area
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Sea 
robots

operative 
area

  

 

 
  

 

Sea 
robots

operative 
area
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euRathlon 2015 Grand Challenge, Piombino, 17-25 
September, 2005

Already ~20 teams registered (single and multi-domain) – team
interest also from Dubai, Russia, India and Egypt – 13 marine
teams
Programme:
17 Sept. : Practice runs
18 Sept. : Practice runs
19 Sept. : Practice runs
20 Sept. : Single domain trials (different competitions for aerial, 
marine and land robots)
21 Sept. : Single domain trials (different competitions for aerial, 
marine and land robots)
22 Sept. : Subchallenges/Grand Challenge Qualifications 
23 Sept. : Subchallenges/ Grand Challenge Qualifications  -
DARPA Robotics Challenge exhibition
24 Sept. : Grand Challenge Final
25 Sept. : Grand Challenge Final
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contacts:

www.eurathlon.eu

Gabriele.Ferri@cmre.nato.int 

Thanks for your kind attention!
We are waiting for you in Piombino! 
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Session 2. Chair – Nikola Miskovic

14:00  T2.1 - UAVs for Marine Applications 
 Francisco Almeida, TEKEVER, Lisbon, PT 

 
14:30  PANDORA (EU project)  
 
15:00  T2.2 - The future of autonomous marine vehicles in 

 Ultra High Resolution Seismic reflection surveys (UHRS) 
 Henrique Duarte, GEOSURVEYS, Aveiro, PT 

 
15:30  WiMUST (EU project)  
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UAVs for Marine Applications

Francisco Almeida,  
TEKEVER, Lisbon, PT 

 
 

VENUEVENUE



IST, Lisboa 

18 June 2015, 15:00 

UAVs for Marine Applications ApplicationsApplicationsApplicationsApplicationsApplications
Francisco Moitinho de Almeida 

EU Funded Marine Robotics and Applications 



Focus on PRODUCTS 

Continuous INNOVATION 

Passion for TECHNOLOGY 



TEKEVER Worldwide 



TEKEVER Markets 



MORETM 

Intelligent technology 

for Utilities in Mobility, 

Efficiency & Optimization 

High performance, low 

cost, fully serviced 

Enterprise Mobility 

Services for SMEs 

Technological 

Areas 



Advanced tactical communication 

systems for Civilian and Military 

Markets 

Autonomous Multi-Mission Systems 

and Vehicles for Air, Land and Sea 

Space Systems 

Technological 

Areas 



 
Civilian and Military Tactical Communication Systems, based on advanced 
SDR technology 
Fully compatible with all relevant NATO STANAG and other major 
international Standards 
 

WAC Product Line 
(Wireless Adaptive Communication System) 

Civilian and Military Tactical Communication Systems, based on advanced 

Fully compatible with all relevant NATO STANAG and other major 



Develop, deliver and maintain products, solutions and technologies for the space 

segment. 

  

 

 

 

GAMALINK: SDR platform for 

satellite datalinks with Ground 

Stations, GNSS and ISL 

 

GAMASAT: 1st Portuguese built 

satellite (launch in 2016) 

 

GAMANET: First space MANET, 

with 20+ nanosats in LEO 

(launch in 2016) 



PROBA-3 
A pair of probes to study the sun 

With TEKEVER’s communication technology 
 



Portuguese entity with largest participation in European collaborative 

R&D Programs in the areas of Aerospace and Security: 
 

 Volume of current projects exceeds 30M Euros 
 

 TEKEVER leads 9 FP7 and 1 H2020 projects in Aeronautics,  

 Space and Security, including partners like Thales, EADS, 

 BAE, Selex Galileo, SAAB, DLR, FOI, among many others 

 

Portuguese entity with largest participation in EDA projects 

 

Technical reference in the area of Communications, participating in 

major NATO studies, and participating/coordinating ASD working 

groups 





 

 
- Fixed wing mini UAS 

 
- Designed for operation by 

Security Forces 

- Validated and proven in 

partnership with Portuguese Police 

- Commercially launched in Le 

Bourget 2013  

 



Publicly presented at Le Bourget 2013 

Designed to perform 4 to 10 hour 

missions  

- EO, IR and LIDAR Sensors 

- Hand or Catapult launched from land 

or sea 

- Maritime and coastal surveillance 

missions operational extender for 

vessels 

- Forest fire prevention 

•with Portuguese Gendarme (GNR) 

at Parque Nacional Peneda-Gerês 





 

- Fixed wing mini UAS designed for ISTAR 

Missions. 

- Focus on ease of use, transportability, 

maintainability and payload flexibility. 

- Fully autonomous and hand launched 

- Validated and battle proven in partnership with 

the Portuguese Army 

- Commercially launched at Farnborough 2012, 

having been the first and only UAS to ever 

perform regular daily flights during the Airshow. 

Wingspan: 180cm 

Length: 150cm 

MTOW: 5Kg 

Max payload: 2Kg 

Cruise speed: 58Km/h 

Range: 20Km 

 



FARNBOROUGH 2012 
 

Largest Aeronautics Event in Europe 
 

International Comercial launch of AR4 Light 

Ray, with flight demos during the show 

 

HISTORICAL MARK 

First Fully Autonomous flight at Farnborough 

or any other major international event of this 

type 

 
 



Video retrieval 

during the show 

 

Prime Time, with 

Virgin Galactic 

BBC – THE ONE SHOW 





•Designed to perform 15h+ missions 

•EO, IR and SAR/SLAR Sensors 

•Launched from short, unpaved air strips 

•Flexibility in payloads and several range options 

BLOS SATCOM Datalinks 

•Presented in FIA 2014 



UAVs for Marine Applications 

Autonomous systems can support different types of 

missions at sea: 

 

1. Defence and security 
Support to surveillance, control and menace combat actions 

2. Safety 
Support to Search and Rescue actions in large areas 

3. Law enforcement 
Controlling maritime traffic, protected areas, illegal fishing 

4. Environment 
Prevention, detection and mitigation of hydrocarbon 

pollution, plastic pollution, among others 



Defence and Security 

Using UAVs to extend 

the surveillance and 

operational range of 

naval platforms 

Increasing line-of-

sight and situational 

awareness in coastal 

guard and navy vessels 



Safety 

Supporting dangerous and 

repetitive Search & Rescue 

tasks and  patterns in large 

areas. Portugal is 

responsible for SAR in 6 

million square kilometers 

Performing surveillance 

and identifing persons 

and vessels in danger 



Law enforcement 

Detecting and identifying 

illegal, unreported and 

unregulated fishing in 

territorial areas and high 

sea 

Monitoring and controlling 

high density maritime 

traffic and surveying 

protect areas 



Environment 

Detecting and monitoring 

small and large oil spills 

from accidents, negligent  

and criminal acts, enabling 

a faster response 

Monitoring the evolution 

and mitigation of 

hydrocarbon pollution, 

e.g via application of 

dispersant 



IN THE (NEAR?) 

FUTURE 



UAVs for Marine Applications 



Heterogenous platform use 



Launched from sea and land 



Different missions in land, 

coast and sea 



Integration, readiness, efficience 

and operational capability 



UUV 

USV 

mini UAV 

GEO 

LEO 

MALE UAV 

UAV UAVUAVUAVUAVUAVUAVUAVUAV
medium 

range 



Challenges in Maritime Applications 

-Performance: endurance, altitude and range 

-Communications 

 - Air-to-air: 

•LOS: Data rate and reliability 

•BLOS: SATCOM in small UAVs 

- Air-to-water: relaying UAV-UUV comms 

-Autonomy: decrease human-dependency 

-Cooperation: task distribution in homogeneous 

and heterogeneous networks of autonomous 

vehicles 

-Sizeability, adaptability and flexibility 



Relevant Projects 

& Collaboration 



“Remote Airborne Platform with Satellite Oversight Dependency”  

 

Financed by 

 

 

Partners: 

European Maritime Safety Agency 

Bond Air Services 

TEKEVER UK 

DSI 

 

Portuguese Maritime Authority 

Netherlands Coastguard 

Malta Maritime Authority 

 

 



•Demonstrate the use of UAVs in: 

•Search-and-Rescue Operations 

•Maritime pollution monitoring and combat operations 



Objectives 
•Providing UAVs with a set of sensors for the realisation of 

operations such as: 

a) Hidrocarbons detection and maritime pollution monitoring 

b) Search and Rescue 

 

•Develop an integrated sensor platform and embedded algorithms 

for automatic detection 

 

•Exploiting satellite communication to operate UAVs beyond line-

of-sight (BLOS) 

 

•Demonstrating RAPSODY: 

-Atlantic Ocean 

-North Sea 

-Mediterranean Sea 



Automatic Landing on Vessels 



AUTOLAND 
Demonstrated the use of UAVs 

totally operated from vessels 
 

AR4 Light Ray 

AR3 Net Ray 



Objectives 
 
 

•Providing UAVs with the capability of 

executing every flight stage, from take-

off to landing, from vessels (e.g. 

warships, frigates, patrol ships) 

 

•Develop the necessary support systems 

to launch and collect UAVs 

 

•Develop algorithms to launch and land 

the platforms automatically 

 

•Demonstrate in a realistic environment 



Collaboration with Portuguese Navy 
 
TEKEVER has been cooperating with the navy in two large areas: 

 

•R&D Activities 

 

•Operations 

-Extension of naval platforms with UAVs 

-ISTAR missions (Intelligence, surveillance, target acquisition, 

and reconnaissance) 

-Increased situational awareness 

 

 



Collaboration with Portuguese Navy 
 

 

 

The portuguese Navy will test TEKEVER technology in FRONTEX 

missions (European Agency for the Management of Operational Cooperation at the 

External Borders of the Member States of the EU) in the context of the 

Mediterranean immigration crisis 

TEKEVER participated in a simulation of maritime pollution by the 

port of Leixões: SIMULACRO ANÉMONA 2015 

Collaboration with PT Naval Authorities 
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David Lane, HW University,  

Scotland, UK 
 

  
 

 
 



edinburgh-robotics.org       d.m.lane@hw.ac.uk 

David Lane FREng FRSE 
Professor of Autonomous Systems Engineering 

Heriot-Watt University, Edinburgh, Scotland, UK 



Edinburgh Centre for Robotics 
A £35M Joint Venture between Heriot-Watt & Edinburgh Universities 

Field Systems:  Interaction Spaces  :  MOBOTARIUM  :  Enablers 

� � � �
�

� �
�

 
eploye  left m g ) nd towed 0 DoF  unted to commercial RO  

 
 

 
    

 
 

                  
  

                   
                 

                 
                  
  

 
              

edinburgh-robotics.org       d.m.lane@hw.ac.uk 



ECR 
The Edinburgh Centre for Robotics and Autonomous Systems 

�  Multidisciplinary ecosystem – 27 core + 27 assoc. PIs 
across Engineering and Informatics disciplines 
Machine learning, AI, microsystems, neural computation, photonics, dependable systems, language 
cognition, human-robot interaction, image processing, control, manufacture research, ocean systems …  

�  Technical focus – ‘Interaction’  
Environment: Multi-Robot: People: Self: Enablers 

�  ‘Innovation Ready’ postgraduates 
Populate the innovation pipeline. Create new businesses and models.  

�  Cross sector exploitation 
Offshore energy, search & rescue, medical, rehabilitation, ageing, manufacturing, space, nuclear, defence, 
aerospace, environment monitoring, transport,  education, entertainment .. 

�  38 company sponsors, EPSRC, £35M (so far ..) 
Schlumberger, Baker Hughes, Balfour Beatty, Renishaw, Honda, Network Rail, Selex, Thales, BAe, BP, 
Pelamis, Aquamarine Power, SciSys, Shadow Robot, SeeByte, Touch Bionics, Marza, OC Robotics … 

edinburgh-robotics.org       d.m.lane@hw.ac.uk 



edinburgh-robotics.org       d.m.lane@hw.ac.uk 

Innovation Ready 
Spin outs and licensing 



ROBOTARIUM 
A National UK Facility for Research into the Interactions amongst 
Robots, Environments, People and Autonomous Systems 

Field Systems:  Interaction Spaces  :  MOBOTARIUM  :  Enablers 
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Field Systems  :  Interaction Spaces  :  MOBOTARIUM  :  Enablers 

ROBOTARIUM 
A National UK Facility for Research into the Interactions amongst 
Robots, Environments, People and Autonomous Systems 

edinburgh-robotics.org       d.m.lane@hw.ac.uk 



Field Systems  :  Interaction Spaces  :  MOBOTARIUM  :  Enablers 

ROBOTARIUM 
A National UK Facility for Research into the Interactions amongst 
Robots, Environments, People and Autonomous Systems 

edinburgh-robotics.org       d.m.lane@hw.ac.uk 



Field Systems  :  Interaction Spaces  :  MOBOTARIUM  :  Enablers 

ROBOTARIUM 
A National UK Facility for Research into the Interactions amongst 
Robots, Environments, People and Autonomous Systems 

edinburgh-robotics.org       d.m.lane@hw.ac.uk 



�  80+ PhD Students over 5 years 
�  I Year MRes followed by 3 Year PhD 
�  Industrial Sponsors and Secondments 
�  ‘Innovation Ready’ postgraduates (jobs and growth) 
�  #Cauldron Training - Creativity, Morals and the Machine, 

Innovation. Retreats, Sandpits, Conference. MIT Sloan School of 
Management and Cambridge ‘Ignite’ 

�  Competitions: SAUC-E, ROBOCUP, EURATHLON, DARPA  

�  Outreach: Edinburgh Science Festival, EU Robotics Week 

�  Enterprise Fund leading to RAEng/RSE Enterprise Fellowships, 
Converge Challenge BizPlan, SE Proof of Concept Fund, Equity Investors 
edinburgh-robotics.org       d.m.lane@hw.ac.uk 

ECR 
The Edinburgh Centre for Robotics and Autonomous Systems 
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PANDORA 
Persistent AutoNomy through learning aDaption Observation and ReplAnning 

                                        

UdG Girona 500 HWU Nessie V 
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Persistent Autonomy 

•  operate successfully while unsupervised 
and without recourse to a human operator  

•  for extended lengths of time  

•  in environments that are not completely 
known 

•  adapting purpose in response to 
unexpected events and disturbances 

•  on different scales in space and time 

•  whilst interacting with the environment   

•  and recovering from errors in task 
execution.  
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2003: ALIVE Autonomous Light Intervention Vehicle 

FP5: Cybernetix, Ifremer, HWU, JRC, HiTec 



AIV: Autonomous (underwater) Inspection Vehicle 

Innovation Impact  

edinburgh-robotics.org       d.m.lane@hw.ac.uk 

ECR: The Edinburgh Centre for Robotics 
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Scenarios 

A. STRUCTURE INSPECTION B. CHAIN CLEANING AND 
NSPECTION

C. VALVE TURNING

HWU, Fort William UdG, CIRS water tank UdG, CIRS water tank

Nessie VI AUV Girona 500 AUV Girona 500 AUV

NSPECTION

� � 	 � 
 �
� � �

� � � � 

� � �

� � � � � �

� � � � 
  � � � 	 �
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Action Pre-conditions 
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OPERATIONAL 

EXECUTION 

System Architecture 
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Themes 

A. Describing the World will develop new probabilistic semantic 
representations of the environment and the state of task execution, driven 
by feature based localisation and world model update from sensors, and 
by focus of attention mechanisms. This will detect failure of task execution 
and its context.  
 
B. Directing and Adapting Intentions will investigate planning and plan 
adaption under resource constraint and uncertainty in response to goals 
and the changing world above.  This will enable the robot to respond 
strategically to action failure(s)  
 
C. Acting Robustly will investigate the interface between re-enforcement/
imitation learning methods and robust control to make action execution 
indifferent to unwanted motion of target or self.  
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- Semantic world modelling: 

–  uncertainty and probability update tested post-processing sonar data 
and integrated in the vehicle architecture 

–  link with planning - queries the ontology for the problem instantiation 
and to acquire useful information 

 
- SLAM Based Navigation Around Structures 

–  Vision-based and sonar-based PHD mapping developed, showing 
robustness against outliers 

–  two types of SLAM developed; sonar-based Octomap developed, 
fully integrated and successfully tested embedded in NessieAUV 

 

- Focus of sensor attention 
–  System designed with BV P900 and BV MB 2250 mounted on a 

pan&tilt, in NessieAUV; implementation started. 

Describing The World
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Ontology 
Semantic Relation Modeling 

Signal to Symbol 

PHD SLAM.              Markov Logic Networks 
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Directing & Adapting Intentions 

•  Discovery-led temporal planning: plan execution 
interleaved with discovery, model update and re-planning 

•  Search-based planning using a reward discounting 
method for belief-tracking 

•  New algorithm for time-efficient 3-D motion planning 

•  Robust integration of generic temporal planning with 
ontology, path-planner and controllers, through ROS 
interface 
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Directing & Adapting Intentions 
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Directing & Adapting Intentions 

Fort William, Scotland, UK.  27 April 2015 
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Directing & Adapting Intentions 

Pier inspection trials at the Underwater Centre 
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Directing & Adapting Intentions 

Nessie AIV adapts inspection plan as the pier 
geometry is discovered 



PANDORA PROJECT – FP7-ICT-2011-7 Ref. 288273
www.persistentautonomy.com ·  PANDORA Consortium © 2012-2015

 
1. Task-specific grasp  
        configuration. 
 

 

3.  Extending the AUV     
        operating envelope. 
 

 
 
2. Performance control in  
    anchor chain inspection. 
 
 

 
Future Work 
 
 

•  Force Control during Valve Turning.  (UdG & IIT) 
•  Integration of Control Schemes with Planning Algorithms  for Inspection. (KCL) 
•  Integration of Control Schemes with Skill Learning. (IIT)  
•  Integration towards extending the operating envelope of Nessie VI. (HWU) 
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Robust Control Strategies 
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1)  Online Recovery from Thruster Failure 
2)  Covariance Analysis for Reinforcement Learning 

3)  Learning by Demonstration for AUV valve turning 
4)  Contact State Estimation for valve turning 

5)  Improving the Energy Efficiency of AUVs 

1 2

3

4

5

Skill Learning 
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Skill Learning 

Valve Turning 
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Skill Learning 

Chain Cleaning & Inspection 



PANDORA PROJECT – FP7-ICT-2011-7 Ref. 288273
www.persistentautonomy.com ·  PANDORA Consortium © 2012-2015

Skill Learning 

Normal  Failed Thruster 

Recovery 
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(PI) 
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(co-PI) 

Reza Ahmadzadeh 
(PhD student) 

Matteo Leonetti 
(Post-doc) 

Nawid Jamali 
(Post-doc) 

Prof. Darwin Caldwell 
(Project steering) 

Rodrigo Jamisola 
(Post-doc) 
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Kings College London: KCL 

Maria Fox Derek Long Dan Magazzeni Michael Cashmore 

Experts in planning applications, domain modelling, temporal and resource 
constrained planning, plan validation and planning with continuous processes 
 
Planners - Crikey, CoLin, POPF, Optic, LPRPG 
Validation – VAL 
Planning under uncertainty – Plan-based policy learning, BATMAN 
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Persistent Autonomy 

•  operate successfully while unsupervised 
and without recourse to a human operator  

•  for extended lengths of time  

•  in environments that are not completely 
known 

•  adapting purpose in response to 
unexpected events and disturbances 

•  on different scales in space and time 

•  whilst interacting with the environment   

•  and recovering from errors in task 
execution.  
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Where next? : Future FPSO : Oilfield as a Smart Space

Interaction between people, data, robots. 

Condition monitoring as part of Life of Field asset integrity

Robots are the arms and legs of Big Data
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David Lane FREng FRSE 
Professor of Autonomous Systems Engineering 

Heriot-Watt University, Edinburgh, Scotland, UK 
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The future of autonomous marine 
vehicles in  ultra high-resolution 

seismic reflection surveys (URHS)  
 

Henrique Duarte,  
Geosurveys, Aveiro, PT 

 

 
 



The future of autonomous marine vehicles in Ultra 
High Resolution Seismic reflection surveys (UHRS) 

Henrique Duarte, Geosurveys Geophysical Consultants 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Outline 
 

• UHRS surveying 
• Geophysical Method 

• Main markets 

 

• Using AUVS in UHRS (WIMUST PROJECT) 

 

• The marine windfarm projects 

 

• Long term view 
 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 

• Industry designation for a 2D / 3D marine seismic reflection survey 
method 
• Horizontal resolution < 1.5 m 

• Vertical resolution < 0.5 m 

• Water depths  down to 3000 m 

• Image the upper 100 m below the seabed 

• Survey sites from 1 km2 to 100 km2 

 

• UHRS spread 
• Typical source frequency bandwidth – 100 Hz to 2000 Hz 

• Source and receiver array towed from vessels 

• Multi-channel receiver array  up to 150 m long 

 

• Main application for marine geotechnical engineering purposes 
• Design of foundations for overwater and subsea structures and anchors  

• Assessment of burial performance for pipelines and cables 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 

3D time slice                                                      2D profile 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 
• 2D Configuration 

• 1 source point 

• linear array of 
hydrophones 

 

 

 

 

• 3D Configuration 
• 2 source points  

• multiple arrays of 
hydrophones 
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EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 
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EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 

Operations 
• Preferred 24 h 

operations on vessel  > 
25 m length 

 

 

 

• North sea vessels > 45 
m long 

 

 

 

• 10 – 45 days of survey 
operations + weather / 
equipment downtime 

 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Ultra High Resolution Seismic (UHRS) 
Major issues 

• Currents & 
Feathering 

 

 

• Towing limitations on 
the spread’s 
geometry  

 

 

 

• Line keeping and 
survey efficiency 

 

 

 

 

• Achieving raypath 
coverage 

 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Major markets 

• pipelines & cables 

 

 

 

 

 

 

• Rig moves 

 

 

 

 

• Marine windfarm 
foundations & cables 

 

 

 

 

 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Roles for AUVs (WIMUST) 
Multiple cooperating vehicles with hydrophone arrays and sources (> 7 vehicles) 
 

Will significantly improve imaging quality 
 

Geometrical liberty by decoupling seismic spread from the survey vessel 

• Minimizing feathering 

• Reliable line keeping 

• Improved raypath coverage 

 

Low noise survey conditions 

• Distance from vessel 

• Can deploy at depth 

 

 

Will Improve the reliability of survey budgeting 

 
No rerun requirements due to poor vessel performance (feathering and line keeping) 
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Growth in marine windfarm projects 

 
From EWEA-European-Offshore-Statistics-2014 
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Captial depth in marine windfarm projects 

 
From EWEA-European-Offshore-Statistics-2014 
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Potential of marine windfarm projects 

 

• UHRS survey costs per site  500 k – 5 million euros 

 

• Hundreds of sites planned in the North sea for the next 10-20 years 

 

• Historically each site was surveyed 1 -3 times with UHRS methods during 
project development 

 

• Opportunity to mature AUV technology under Industry contractual 
requirements and demanding sea conditions 

 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Potential of marine windfarm projects 

 

• AUV application to UHRS allows for a progressive development funded 
through commercial activities 

• Surface operations mimicking towed operations 

• Partial deployment of the spread on AUVs (low energy requirements) 

• Deep deployment of acquisition component 

• Full deployment of the spread 

 

 

• Will open the door to other geophysical applications with cooperating AUVS: 

• Windfarm MBES surveying 

• UXO magnetometer surveying 



The future of autonomous marine vehicles in Ultra High Resolution Seismic reflection surveys (UHRS) 

EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 

Long Term 
 

• UHRS Surveying is a small scale application of a traditional Oil & Gas 
Geophysical exploration method 

 

• Fundamental principles scale up. 

 

• UHRS requires tens of cooperating vehicles 

 

• 3D Marine Seismic Exploration will require thousands of cooperating 
vehicles… 

 

 



EMRA’15 Workshop        18th June 2015         IST  Lisbon, Portugal 
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WiMUST 
EU PROJECT 

 
Giovanni Indiveri, Univ. Salento, IT 

 

  
 

 
 



Speaker: Giovanni Indiveri
Dipartimento Ingegneria Innovazione

Università del Salento, Lecce - ISME node

Lisbon, 18th June 2015

The H2020 project WiMUST: Widely 
scalable Mobile Underwater Sonar 

Technology. An overview.

Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



WiMUST Principle Investigators: 

Gianluca Antonelli, Andrea Caffaz, Andrea Caiti, 
Giuseppe Casalino, Ivan Bielic de Jong, Henrique 
Duarte, Jonathan Grimsdale, Giovanni Indiveri, 

Sergio Jesus, Konstantin Kebkal, Antonio Pascoal and 
Daniel Polani

2/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



Outline
• The inter-university center ISME (Integrated 

Systems for the Marine Environment): an overview

•  WiMUST: Widely scalable Mobile Underwater 
Sonar Technology. An H2020 project

• A few (very) preliminary results

• Concluding remarks
3/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



The ISME Network
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Marine Robotics in Italy
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ISME
CNR-ISSIA
NATO-CMRE
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The ISME Crew
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ISME Funding and 
Resources

• ISME does not receive any institutional funding for its operation

• All ISME research is funded by contracts with agencies, industries, third 
parties

• Resources from any participating lab are available to ISME
• ISME-owned resources are available to any participating lab

• Total Human resources available:  more than 35 structured researchers and 
more than 15 non-structured young researchers   

• Strong emphasis is given to applied research and field activities

• Pointing toward unifying frameworks encompassing most of the applications 
is constantly encouraged

• Average Budget per year:  550 K-Euro (last 5 years average) 

8/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



• Robotics

•    - Underwater manipulation systems

•     - Guidance and control of AUV’s and ROV’s

•     - Distributed coordination and control of AUV’s team

•     - Mission planning and control

• Underwater acoustics

•     - Acoustic localization

•      - Acoustic communications

•      - Underwater optical communications,

•      - Acoustic Imaging and Tomography

•      - Seafloor acoustics

•      - Sonar systems

• Signal Processing and data acquisition

•     - Distributed data acquisition

•      - Geographical information systems

•      - Decision support systems

•      - Classification and data fusion

• Applications:

•      - Surface and underwater security systems

•      - Distributed underwater environmental monitoring

•      - Underwater archaeology

•      - Underwater infrastructures inspection

•      - Sea surface remote sensing 

    - Guidance and control of AUV’s and ROV’s
    - Distributed coordination and control of AUV’s team

     - Surface and underwater security systems
     - Distributed underwater environmental monitoring

     - Underwater infrastructures inspection

9/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015
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WiMUST - Widely scalable Mobile 
Underwater Sonar Technology
Grant agreement no: 645141

H2020 ICT-23-2014: Robotics
Started on February 1st, 2015
Duration 36 months
Maximum grant amount is EUR 
3,970,081.25

11/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



Action Overview
ISME (UNIVERSITA’ DEGLI STUDI DI GENOVA) - IT

ASSOCIACAO DO INSTITUTO SUPERIOR TECNICO 
PARA A INVESTIGACAO E DESENVOLVIMENTO  - PT

CINTAL - CENTRO INVESTIGACAO TECNOLOGICA 
DO ALGARVE - PT

THE UNIVERSITY OF HERTFORDSHIRE HIGHER 
EDUCATION CORPORATION  - UK

EVOLOGICS GMBH - DE

GRAAL TECH SRL  - IT

CGGVERITAS SERVICES SA - FR

GEO MARINE SURVEY SYSTEMS BV - NL

GEOSURVEYS - CONSULTORES EM GEOFISICA LDA - 
PT
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The Big Picture
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Market domain:
Marine Robotics (Civil & 
Commercial)

• Geotechnical 
Surveying 

• Distributed Sensor 
Array

• Geophysical Surveying
• Monitoring

Achieve reliable cooperative operations of 10 or more marine robots for a demanding 
challenge in terms of navigation, guidance, control, mission planning, acoustic communications 
and data acquisition for geotechincal applications.

15/34
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Main challenges

/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



17/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015



18

• Acoustic Distributed Sensor Array;
• Communications (short and long range);

• Geotechnical surveying and Geophysical 
characterization; 

• Clock synchronization (below 50 mu sec);
• Cooperative Navigation and Motion Control: 

accurate formation control;
• HW integration of the acoustic acquisition system 

with the navigation one;

Main challenges

/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015
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NGC Related Activities at the ISME 
node in Lecce

/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015

Single range 
localization (SRL): 
observability

SRL: team 
navigation

Outlier 
robust state 
estimation

AUV 
motion 
control
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Single range 
localization (SRL): 
observability
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Motion control while performing SRL

/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015

AUV 
motion 
control

2222/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015

10th IFAC Conference on
Manoeuvring and Control of Marine Craft 
MCMC 2015
August 24 – 26, 2015, Copenhagen Denmark
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Motion control while performing SRL
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e position error (distance to target)
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Motion control while performing SRL
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Single Vehicle Control
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AUV 
motion 
control
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SRL: team 
navigation

3rd IFAC Workshop on 
Multivehicle Systems MVS 
2015
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SRL: team 
navigation



29/34 Giovanni       

Outlier 
robust state 
estimation

Giovanni       



                            



                            



                            



33

Conclusions
• There is high potential for new achievements in 

the area of geotechnical surveying and 
geophysical exploration;

• Both fundamental and applied research is on our 
WiMUST agenda: stay tuned for updates.

/34 Giovanni Indiveri, EMRA 2015 Lisbon, 18th June 2015

http://www.wimust.eu
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Thank you!

giovanni.indiveri@unisalento.it
Que
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Session 3. Chair – Giovanni Indiveri

16:30  T2.3 - Easily deployable autonomous hydro-acoustic 
 assets for highly mobile and flexible arrangements 
 (underwater sensor networks, testbeds, and integrated 
 USV and AUV  robotic components)   
 Konstantin and Oleksiy Kebkal, EVOLOGICS, Berlin, DE 

17:00  T2.4 - Marine Megafauna Telemetry Systems  
 Pedro Afonso, IMAR/DOP, Horta, Faial, Azores, PT 

17:30  T2.5 - SPARC: Report from the EURobotics Board, 
 Future  Possibilities in H2020 Robotics PPP 
 David Lane, Edinburgh Centre for Robotics and Ocean Systems  
 Laboratory, Heriot-Watt University (EURobotics Board Member 
 2013-15) 
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Easily deployable autonomous hydro-acoustic 
assets for highly mobile and flexible arrangements 

(underwater sensor networks, testbeds, and 
integrated USV and AUV robotic components) 

 
Konstantin Kebkal, Evologics, 

Berlin, DE 
 

 
 



Easily Deployable Autonomous Hydro-Acoustic Assets for  
Highly Mobile Arrangements 

(underwater sensor networks, testbeds, and integrated robotic components) 

Konstantin Kebkal, 
Oleksiy Kebkal, 
Evologics, Berlin 

EMRA‘15 Workshop, 
IST, Lisbon, 18-19 June 2015 



Content: 
 

• Intro, 
• Smart UWA Nodes (Network, LBL, USBL), 
• Smart USV (Sonobot), 
• Low cost LBL Deployment, 
• Unmanned/remote geo-referencing with USV Sonobot, 
• Demo in Genova, May 2015. 
• Light, low cost marine robitics 



Intro



CMER LOON: location of Assets

Picture by Joao Alves, CMRE



CMER LOON: location of Assets

Picture by Joao Alves, CMRE



LOON: testbed diagram

LOON components comprising a testbed for experimenting with UAComms, networking

Picture by Joao Alves, CMRE



Logictics for the  
LOON deployment  
and maintanence 



LOON: tripods and cables



State of the art-testbeds:  
 
- time consuming and very expensive deployment, 

recovery, maintanence 
 

- not flexible infrastructure 



Alternative:  
 
Porto Testbed: 
components are based on mobile devices (drifting 
platforms,  AUVs, USVs) 
 



Porto network testbed 

Moored sensors

Autonomous surface vehicle

Surface buoy

Navigation beacon

Oceanographic sensors

Moored sensors

Drifters

AUV
AUV

UAV
UAV

AUV
Localization

links

Coms.
links

Sensing
links

UAV

Vehicles 
come and go

Control station

Control station

Control station

Operators 
come and go

Data 
provisioning
intervention

AUV

Data mules
DTN

Mixed-
initiative



Alternative:  
 
Evologics light and easily deployable UWA and 
robotic assets to build  
 

- Testbeds (sensors fields, PHY, MAC, NET 
protocols development),  

 

- LBL antennas,  
 

- UWA networks. 
 



The idea was to develope a «Drop-And-Play» unit: 
 
- autonomous underwater module, containing 

UWA modem, integrated battery, floating coat 
and releaser,  

 

- with a small size and weight of appr. 25 kg, 
 

- capable to operate up to the depth of 1000 m 
(optionally 6000 m), 

 

- equipped with a software for LBL operation, for 
UWA networking, operations as USBL 
transponder. 
 

 
 

 



UWA «Drop-And-Play» Hardware 



«Drop-And-Play» unit (v. 1000 m) 



Integrated releaser (controlled via S2C modem) 



Integrated releaser: via optocouplers controlled by the modem



Deep water syntactic floaters 

«Drop-And-Play» unit  
(v. 6000 m) 



UWA «Drop-And-Play» Software 









LBL arrangement 



D-GPS, WLAN, GPRS, 
Radio Control, 
Autopilot, Obstacle 
Avoidance 
  



Vessel Transceiver with

Modem with all 
functionallities

Integrated AHRS (Attitude 
and Heading Reference 
System)

Integrated pressure sensor

Mounting frame for easier
installation on the vessel



SiNAPS server: installed on the navigation 
computer interfaced with the vessel 
transceiver and other external instruments. 
SiNAPS server receives, processes and 
stores data from the transceiver and 
external instruments, and performs all the 
necessary calculations to display this 
information on-screen. 

SiNAPS client: web-based user interface of 
the positioning system. It displays real-time 
information about the positions of the 
vessel and the targets, provides access to 
data management tools and system 
configuration settings. 

User interface can be opened in most current 
web-browsers on any device in the local 
computer network, to access SiNAPS UI 
one must simply navigate the web-browser 
to the correct address. It is possible to 
open SiNAPS clients on multiple devices at 
once. 





Demo in Genova, May 2015: 

Low cost deployment of the LBL antenna 



Example of a practical application (Screenshots from SiNAPS software) 



Example of a practical application (Screenshots from SiNAPS software) 



Underwater Acoustic Networks



The equipment can be used independently as  
Underwater Communication & Navigation Networks 



Moored sensors

Autonomous surface vehicle

Surface buoy

Navigation beacon

Oceanographic sensors

Moored sensors

Drifters

AUV
AUV

UAV
UAV

AUV
Localization

links

Coms.
links

Sensing
links

UAV

Vehicles 
come and go

Control station

Control station

Control station

Operators 
come and go

Data 
provisioning
intervention

AUV

Data mules
DTN

Mixed-
initiative

Evologics Testbed/Network can be used as an  
Extension of the Porto Testbed 



Evologics Testbed/Network can be used as an 
Extension of the LOON testbed

Picture by Joao Alves, CMRE



Marine Robotics:
USV Sonobot



USV Sonobot basic



USV Sonobot advanced: 
obstacle avoidance capability







Side Scan Sonar 



  

3D map of a water reservoire
(Karlssee lake near Förderstedt,
Germany)



Autopilot functionality:
scans proceed downwards the river flow

Autopilot functionality:
scans proceed upwards the river flow



Marine Robotics:
AUV Manta



AUV Manta: sommer 2014



AUV Manta: first pool tests, September 2014



AUV Manta: depth keeping, November 2014



AUV Manta: free flight, November 2014



AUV Manta: 
BOSS  - Bionic Observation and Survey System, Dec. 2014



Review:

1. Creation of low cost, easily deployable 
autonomous hydro-acoustic and robotic assets for 
highly mobile open-water arrangements is not only 
an achievable objective, but within short time such 
assets/arrangements become “State-Of-The-Art”:
- acoustic part is already well developed,
- light and smart surface vehicles (USVs) exist, well 

developed and their number increases (one of 
them is Sonobot),

- light and smart underwater vehicles (AUVs) exist, 
well developed and their number increases (one of 
them is Manta) 



2. Still necessary to integrate different systems by 
means of unified communication protocols and 
navigation environments.

3. Evologics uses DUNE for integration of its robotics 
systems. Converters DUNE-ROS feasible.

4. Evologics developed hydro-acoustic modems with 
and open-source framework EviNS for development 
of networking and positioning applications.

5. The opportunity for combining different assets of 
different manufactures becomes possible.



Thank you!
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Marine Megafauna  
Telemetry Systems  

 
Pedro Afonso,  

IMAR/DOP, Univ. Azores, PT 
 

 
 



Marine robotics and the biotelemetry of Marine robotics and the biotelemetry of 
Marine Megafauna

Pedro Afonso, 
Jorge Fontes, Mónica Silva

EMRA, IST - June 2015







Goal: Drivers of predator distribution & behaviour

Observing Observing 
patterns and patterns and patterns and 
processes at processes at processes at 
compatible compatible compatible 

scales



Azores seamounts 

ca. 434



Biotelemetry - Archival satellite tags 

(light based geolocations + vertical behaviour)



 j

males and

females

Geolocation 

error

from PATs:

Only good for 

large scale 

questions

Males

Females

Biotelemetry - Archival satellite tags 

(light based geolocations + vertical behaviour)



 

Biotelemetry - SPOT satellite tags 

(Argos positions only)

Requires air transmission and fixing:

Only good for restrainable and 

surfacing animals



Devilray aggregations at seamounts 

Tracking them out



Thorrold et al (2014) Nature communications

Devilray aggregations at seamounts

Azores as EFH for N Atlantic population





Deep diving behaviour of blue shark



Why deep diving? Some hypotheses

• Feeding (on DSL deeper components)

Estimates may need to be revised 1 order of magnitude! (Irigoien et al 2014) 



Active acoustic tracking:

Synoptic observation fish 3D behavior vs. its food 

Afonso et al (2014) PLoS ONE



Active acoustic tracking:

Synoptic observation fish 3D behavior vs. its food 

Afonso et al (2014) PLoS ONE



Tracking more and better - Robotic Vehicles?

re
d 

B
uo

y 





Challenges: 
real time 4D animal tracking & environmental sampling

Providing a mechanistic understanding of

ocean processes driving animal behaviour



Fine-scale
studies

Long-term
monitoring

Remotely
sensed
observations

Space

Ti
m

e

The Goal: 
Understanding drivers of oceanic predator distribution & behaviour





Problem:

Need for longer time 

series of data

Moored 

oceanographic 

instruments /

Ocean 

observatories



The Azores line: a network for passive acoustic telemetry



The Azores line: a network for passive acoustic telemetry



Fontes et al (2014) Marine Biology

Acoustic telemetry at seamounts: 
long term residency of pelagic predators

?
??

?
?



Glider mounted receiver download



OTN- Electronic tags to track aquatic 
animals



Challenges: coordination among vehicles and fixed sensors



Challenges: event response triggered multi-sampling



The fish tracking scenario



Challenges: multiple goal oriented sampling designs
(multiples resolutions are needed over space and time)



Multispecies Essential Habitat Hotspot?



Objective: monitoring animals & environment over time

Capturing ecossystem variability and human pressures across diel,

monthly, annual and decadal cycles



• Intelligent vehicles for real-time interaction with environment:

– Detection of animals using acoustic, optical, electromagnetic, DNA 
cues (eg. Mimic guided military torpedoes) 

– Detection of oceanographic structures using gradients in temperature, 
Chl a, pH, oxygen

Innovative sensors: acoustic, optical, chemical, molecular, particle 
imaging systems

Increased autonomy, speed, depth rating



• Interactive network of autonomous and fixed platforms:
– Bi-directional, real time communication (acoustics, satellite, radio…)

– Coordinated surveying 

– Dynamic configuration

Flexible, interactive comm network

Complex and adaptive mission control

• ‘Animal-borne’ vehicles:

– “Pilot-fish/remora”  robot (Similar to CADDY Prj.)
– Parasite robots



The real challenge

Most researchers deeply focused in their own fields of research 

Merging science & technology: cross-disciplinarity



OBRIGADO



Who deep (?) dives(?)

800m

1500m

2000m

3000m

1000m

500m

0m

200m

basking shark

bigeye tuna

blue

Atl bluefin tuna

Chilean deviray

scaloped hammerhead

whale shark

oceanic whitetip
salmon

swordfish 

tiger

yellowfin tuna

bigeye thresher
porbeagle sharptail mola

ocean sunfish

predators planktivorous
teleostselasmobranchs

predators

Cuvier’s beaked whale

• 30 (+ 5) studies post 2002; 8 elasmobranchs, 4 teleosts



Thorrold et al (2014) Nature communications

Devilray vertical behavior







IS
R

-I
ST

  L
is

bo
n 

 P
or

tu
ga

l 

VENUE    VENUE
EM

R
A

´1
5 

SPARC: Report from the 
EURobotics Board, Future 
Possibilities in H2020 PPP  

 
David Lane 

Heriot-Watt Univ. , Edinburgh,  
Scotland, UK  

 

 
 

VENUEVENUE



edinburgh-robotics.org       d.m.lane@hw.ac.uk 

David Lane 
Professor of Autonomous Systems Engineering 
Heriot-Watt University, Edinburgh, Scotland, UK 

 
EURobotics Board Member 2013-2015 
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Robotics PPP 

The way towards the Robotics PPP 

2012 2013 2014 
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1.develop strategic goals of European robotics and 
foster their implementation 
2. improve industrial competitiveness of Europe 
through innovative robotic technologies 
3. position robotic products and services as key 
enablers for solving Europe‘s societal challenges 
4. strengthen networking activities of the European 
robotics community 
5. promote European robotics 
6. reach out to existing and new users and markets 
7. contribute to policy development and addressing 
ELS issues 
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Session 4. Chair – Benedetto Allotta

09:00  MORPH (EU project) 
  
09:30  T3.1 - Marine Technology: Challenges and 

 Opportunities in relation to Marine Renewable Energy 
 António Sarmento, WavEC, Lisbon, Portugal 

�
10:00  CADDY (EU project) �
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EU PROJECT 

 
Joerg Kalwa, ATLAS Elektronik,  

Bremen, DE 
 

  
 

 
 



The ATLAS ELEKTRONIK Group/  1

… a sound decision

The Project MORPH 

in context of a business perspective

Joerg Kalwa

Coordinator

based on contribution of all partners
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ATLAS ELEKTRONIK Group

Turnover and Employees

Annual Turnover: 440 Mio. €

Export 
69 %

Domestic
31 %

1970 employees worldwide

approx. 1300 in Bremen (approx. 1600 in Germany)

Graduate Engineers

Commercial

Skilled Workers

Technicians 

49 %

16 %

12 %

23 %
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Locations 

World-wide

United Kingdom: Winfrith; Newport

Finland: Helsinki

Denmark: Hørsholm

Korea: Chungbu-Dong

Australia: Macquarie Park

USA: Norfolk, Virginia

ATLAS Naval Support Centre Ltd

Thailand: Bangkok

CybiCOM ATLAS Defence (Pty) Ltd

South Africa: Simon’s Town

Advanced Lithium Systems Europe

Defence Applications S.A.

Greece: Athen

Canada: Victoria BC

India: New Delhi 

UAE: Abu Dhabi

Bremen (Headquarter), Wedel, Wilhelmshaven
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Sharing one Common Operational Picture in near Real-Time.

ATLAS ELEKTRONIK GmbH – partner of the navies

Unmanned 

Vehicles

Naval Weapons

Maritime

Security

Submarine

Systems

Surface 

Combatant

Systems

Mine Warfare

Systems

Anti-Submarine

Warfare 

Systems

ATLAS SERVICES

Communication

Systems

ATLAS ELEKTRONIK Group 

at a glance
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ATLAS Systems and Products

… a sound decision

responsibility and reliability under one roof

respondresponddetectdetect decidedecide

fully integrated

systems

with modular and 

scalable design 
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History of the ATLAS ELEKTRONIK

Experience makes the difference

19021902
19111911 19661966

19831983

19911991

19941994

19971997

20032003

Norddeutsche

Maschinen- und

Armaturfabrik GmbH
Atlas Werke

Fried. Krupp

GmbH

Krupp Atlas

Elektronik GmbH

Atlas Elektronik

GmbH

STN ATLAS

Elektronik GmbH

ATLAS ELEKTRONIK

GmbH

STN ATLAS

Elektronik GmbH

20062006
since

Developing 

the Future
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ATLAS ELEKTRONIK

Unmanned systems will play a key role

Enable insights into no-access-areas:

• Military mine fields

• Contaminated areas

• Strong sea currents

• Deep water

Gain efficiency:

• Less time needed to provide results

• Improved quality of data

• Wide area perception

• Long endurance
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Autonomous Underwater Vehicles

A market prospect

UUV OI, London. 13 Mar 2012, John Westwood: Military & research AUVs to total 89%

200 million (US$)
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Autonomous Underwater Vehicles

A market prospect

Small, man portable AUVs (< 50 kg)

Midsize, coasta water AUVs (< 600 kg)

Ocean size AUVs (> 600 kg)

Where are multiple AUVs?

Q: ARL, Singapur
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Why multiple vehicles?

Boost Efficiency by…

• Parallelisation

• Cooperation

• Optimisation of sensor placement

• Redundancy

• Emergence
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Multiple Unmanned Vehicles

efficiency vs complexity

Boost Efficiency

• Parallelisation

• Cooperation

• Optimisation of sensor placement

• Redundancy

Operational Complexity• L&R of many systems• Mission planning and supervision

• Lower reliability• Higher costs
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Multiple Unmanned Vehicles

Research pushes technology
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Multiple Unmanned Vehicles

Coorperative mapping of rugged terrain
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Navigation
System

Communication
System

Sonar System

Vision System

Manipulation
System

Command & Control

Payload Components

Multiple Unmanned Vehicles

A possible approach: a virtual supra vehicle made of self driven components
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Navigation
Node

Communication
Node

Sonar Node

Vision Node Manipulation
Node

In
tr
o
d
u
ct
io
n

Optimized position of sensor nodes

very close range (< 10 m)

Strong communication links

Multiple Unmanned Vehicles

A possible approach: a virtual supra vehicle made of self driven components
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The basic MORPH idea:

a virtual supra vehicle made of self driven components



MORPH at the EMRA Workshop, Lisbon 2015/  17

In
tr
o
d
u
ct
io
n

MORPH partners

overview

02/2012 – 01/2016

Marine Robotic System of Self-

Organizing, Logically Linked 

Physical Nodes

ATLAS ELEKTRONIK (Germany)

CNR - Consiglio Nazionale delle Ricerche -
Istituto di studi sui sistemi intelligenti  per 
l'automazione, (Italy)

IFREMER - Institut français de recherche pour 
l'exploitation de la mer (France)

Jacobs University (Germany)

IST/ISR - Instituto Superior Tecnico / Institute 
for Systems and Robotics (Portugal) 

IUT - Ilmenau University of Technology 
(Germany)

CMRE  - Centre for Maritime Research and 
Experimentation (Italy)

UDG - Universitat de Girona (Spain)

IMAR  - Institute of Marine Research (Portugal)

WHOI - Woods Hole Oceanographic Institution 
(USA)
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Robotic Vehicles

The MORPH project

Vehicles in the project
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Absolute
Navigation

Underwater 
Communication 

Network

User Interface
Planning

Relative 
Navigation

Sonar Mapping and
LocalisationVideo 

Mosaicking

Path Planning
Obstacle Avoid.

Map Building
View Planning

Morph-Formation
Control

The MORPH project

technical challenges
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(front view)

The MORPH project

Path planning
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MORPH challenges

Path Planning and Obstacle Avoidance
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MORPH challenges

Path Planning and Obstacle Avoidance
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MORPH challenges

Path Planning and Obstacle Avoidance
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scheme

Challenge: follow a wall

initial tests of UDG 500 vehicle

The MORPH project

technical challenges
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GPS

LSV
GCV

CV1

CV2

SSV

MORPH challenges

Keeping the formation
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W
P
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y
stem

 In
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ratio

n
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d
 V
alid

atio
n

d1
d4

USBL2

USBL1

GPS

MORPH challenges

Global navigation & geo-referencing of the anchore vehicels
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d1
d4

GPS

r13
r12

r24

r34

d2
d3

d4

MORPH challenges

CVx vehicles lock into formation control
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 In
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d1
d2

d3
d4

h1

h2
h3

h4

USBL2

USBL1

r13
r12

r24

r34

GPS

MORPH challenges

The full picture
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MORPH challenges

Formation control
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MORPH challenges

Formation control
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MORPH challenges: Acoustic Communication

One slide on hardware



MORPH at the EMRA Workshop, Lisbon 2015/  32

MORPH challenges: Acoustic Communication

Combined data + location awareness with full network integration

Two typical approaches:

� Extensive round-robin of all-to-all query and reply cycles to get round trip TOFs, in 

“Multi-Master” fashion.

� Precisely synchronized clocks, Time Of Flight measured from one-way transmissions.

Two specific features of the EvoLogics modem that we are using in MORPH allow us to 

explore something different…

� The modem has precise time tagging in local DSP clock of beginning of transmission and 

reception of packets.

� The modem allows the application to specify when to reply to a query message.

This way a node can listen to N-1 queries (N being the number of nodes in the network), 

register their time of arrival and in convenient time answer in one packet with all time 

lapses between receptions and transmission. At the same time this packet also works as a 

query for all the other nodes.
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MORPH challenges: Acoustic Communication

Combined data + location awareness with full network integration
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Provides the basic rolling cycles query scheme to extract ranges, using 3 (N-1) bytes of the 

available payload for this functionality. 

Users may exchange data through the communication module in abstraction from the 

localization functionality. 

The user data to be passed are piggybacked on the location packets

Communication Module Functionality

MORPH challenges: Acoustic Communication

Combined data + location awareness with full network integration
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MORPH Trial: Horta, Azores 2014
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The goal 2015:

mapping of vertical structures using rotatable sensors
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MORPH Challenges

3D reconstruction
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MORPH

Some personal impressions

MORPH is pushing the frontiers of technology in terms of

� Proof of concept of a supra vehicle with deployed sensors

� Investigated control techniques w/o expensive navigation

� Realized an efficient  communication and navigation network

� Investigated rotational and panoramic sensors

� Developed mapping and modeling techniques

but

� Far away from robustness 

� Operation of multiple nodes still complex

� Operation in sheltered area from shore

� Application got too less attention

� Distributed knowledge makes it difficult to provide a system to potential customers

� Huge investment necessary to build an operational Supra Vehicle
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Operation Multiple Vehicles

A Vision 

� Operate a single „Mothership“ or mechanically joint nodes

� Develop the „self driven sensor node“

� Perform automatic deploy and recovery of sensor nodes

� Less accurate formation but ensure coverage

� Develop strategies in case of failures of single nodes
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MORPH 

Many thanks for attention on behalf of the whole team
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ATLAS ELEKTRONIK GmbH

Sebaldsbruecker Heerstrasse 235

28309 Bremen | Germany

Phone: +49 421 457-02

Telefax: +49 421 457-3699

www.atlas-elektronik.com

Contact
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Marine Technology: Challenges and 
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MARINE TECHNOLOGY
CHALLENGES AND OPPORTUNITIES IN RELATION TO MARINE RENEWABLE ENERGY

ANTÓNIO SARMENTO

2015-06-19



SUMMARY
 WavEC Offshore 

Renewables
 Overview of Marine 

Renewable Energy.
 Challenges and 

opportunities for Marine 
Technology

Monitoring buoy

WindFloatWindFloat prototype

MCT MCT SeagenSeagen 1.2 MW, MCT MCT SeagenSeagenSeagen 1.2 MW, 1.2 MW, 
Northern Ireland (2008)

WaverollerWaveroller, Waveroller, Waveroller, Waveroller PenichePeniche, 2011 
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WAVECWAVEC OFFSHORE OFFSHORE RENEWABLES

• Private non-for-profit

• Markets

• Wave energy
• Offshore wind
• Ocean technology

• Funded through:

• Consultancy - 25%

• R&D projects (EC) – 50%

• New products and services – 25% 
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• A broad 
spectrum of 
activities

• More then 100 international 
partners

• Added value for the 
development of new products 
and new services

KEEPINGKEEPING TRACKTRACK OFKEEPINGKEEPING
MULTIPLE

TRACKTRACK OFTRACKTRACK
MULTIPLEMULTIPLE R&DMULTIPLEMULTIPLE R&D
PROJECTS

European Projects

National Projects

2008         2009      2010        2011      2012     2013      2014         2015       2016        2017
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PROVIDING SERVICES AROUND THE WORLD



SUMMARY
 WavEC Offshore 

Renewables
 Overview of Marine 

Renewable Energy.
 Challenges and 

opportunities for Marine 
Technology

Monitoring buoy

WindFloatWindFloat prototype

MCT MCT SeagenSeagen 1.2 MW, MCT MCT SeagenSeagenSeagen 1.2 MW, 1.2 MW, 
Northern Ireland (2008)

WaverollerWaveroller, Waveroller, Waveroller, Waveroller PenichePeniche, 2011 



SUMMARY
 WavEC Offshore 

Renewables
 Overview of Marine 

Renewable Energy.
 Challenges and 

opportunities for Marine 
Technology

Underwater inspection at the Underwater inspection at the WindFloat

Monitoring buoy

WindFloatWindFloat prototype

Pico wave energy plant Pico wave energy plant 
(1999 
Pico wave energy plant 
(1999 (1999 –
Pico wave energy plant Pico wave energy plant Pico wave energy plant 

– 2015…)
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2013 European Offshore Wind Statistics
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Progressing to deeper waters: Floating!

Source: NREL
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COST BREAKDOWN OF FIXED OFFSHORE WIND 
ENERGY

 Electrical
Infrastructure

15%

 Operation and
Maintenance

25%

 Support
Structure

24%

 Engineering
 and

Management
3%

Turbine
33%
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 EDP, ASM, REPSOL 
 Principle Power
 WavEC

 400 MW farm:
o 50 x 8 MW turbines
o 50 floating platforms
o 75 km of mooring lines
o 50 km of underwater electrical cables

The WindFloat
DECEMBER 30, 2011

2018 – 24 MW FARM

2015

50 km of underwater electrical cables
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TIDAL STREAM TURBINES

  

1MW Open Hydro turbine, 
Bay of Fundy (2010)

ORPC 60kW Beta TGU, 
Cobscook Bay (2010)

PS 100, Humber
Estuary (2009)

SR 250, EMEC (2011)

  
 

6x30kW FreeFlow 5m 
deployed at NY (2006)

   
 

Minesto Deep-Gen concept

  AK-1000 at EM  

Clean Current turbine (Alstom 
Hydro), Race Rocks 2006)

turbine, 
(2010)

Minesto Deep-Gen concept

1MW Open Hydro turbine, 
Bay of Fundy (2010)

turbine (Alstom 
Rocks 2006)

TIDAL STREAM TURBINES

SR 250, EMEC (2011) 6x30kW FreeFlow 5m 
deployed at NY (2006)

AK-1000 1000 at EM  

Clean Current turbine (Alstom 
Hydro), Race Rocks 2006)
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WAVE ENERGY

OWC Oscillating bodies Overtopping

Deformable bodies

Overtopping

Deformable bodies

WAVE ENERGY

OWC Oscillating bodies

Deformable bodies

Oscillating bodies



SUMMARY
 WavEC Offshore 

Renewables
 Overview of Marine 

Renewable Energy.
 Challenges and 

opportunities for Marine 
Technology

Monitoring buoy

WindFloatWindFloat prototype

MCT MCT SeagenSeagen 1.2 MW, MCT MCT SeagenSeagenSeagen 1.2 MW, 1.2 MW, 
Northern Ireland (2008)

WaverollerWaveroller, Waveroller, Waveroller, Waveroller PenichePeniche, 2011 



15

TECHNOLOGICAL CHALLENGES & 
OPPORTUNITIES

 Increasing turbine (wind and tidal) size and 

power:        mechanical fatigue

 Reducing deployment and O&M costs (25% of 

energy cost): 
 Inspection   of mooring lines and underwater electrical cables 

and connectors & turbine blades

 Condition based maintenance

 Underwater operations

 Station keeping at high tidal stream velocities and energetic 

waves

power:        

Inspection   of mooring lines and underwater electrical cables 

and connectors & turbine blades

Underwater operations
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Kraken – As easy as moving your own arm

FundingEmpowering small ROVs

Docking Arm   Manipulator Arm     “Sleeve” Interface

Challenge: A marketable product by 2018 requiring no specialized operator
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Biofouling Cleaning NDT Surveys 

Sacrificial Anode Replacement

Environmental Surveys and Sampling 

Underwater Explosives Visual Inspection and Survey

Valves Operation

Empowering small ROVs
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Symbiotracker: Monitoring underwater power 
cables & more

Autonomous induction-powered
multisensory platform

Partial Discharge Detection Cable Stress Measurement

Environmental Monitoring Cable Locator

Challenge: A marketable product by 2020

2014

2018
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UAV for offshore platforms inspection 

Onshore
Wind

Turbines 
(2015)

Offshore 
Wind

Turbines 
(2018)

Offshore 
O&G

(2020)

PARTNERS

UAV Manufacturer

Sensor specialist

Inspection Contractor

Onshore



20

Oceanic Monitoring Buoys
Partners

2014 

2015 

150 kW – 2016 

Auto-positioned (2018)
Resident UAV (2018)
Network integration (2020)

Challenge: Network of 15 buoys by 2020 in the Portuguese EEZ



7/2/2014 – 1ST INDIA-PT WORKSHOP ON RENEWABLE ENERGY

THANKS
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CADDY 
EU PROJECT 

 
Nikola Miskovic, Univ. Zagreb, HR 
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Session 5. Chair – Paulo Oliveira 

11:00  T3.2 – Developments in robust acoustic positioning 
 and communications 
 Robin Sharphouse, Blueprint, Ulverston, UK�
� Jeff Neasham, Newcastle University, UK�

11:30  T3.3 – The Light Autonomous Underwater Vehicle 
 Ricardo Martins, Oceanscan, Porto, PT 

12:00  DexROV (EU project)  

12:30  T3.4 – Intervention AUVs: Experiences and Challenges 
 Pere Ridao, Univ. Girona, Girona, ES�
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Developments in Robust Acoustic 
Positioning and Communications 

Robin Sharphouse, Blueprint, Ulverston
Jeff Neasham, Newcastle University 

UK 
 

 

VENUEVENUE



www.blueprintsubsea.com

Robin Sharphouse Jeff Neasham

Developments in robust acoustic 
positioning and communications



About Blueprint Subsea

• Since 2006, Blueprint Subsea have designed and manufactured a 
range of sonar and navigation products for the subsea, search-
and-rescue and commercial diving markets.

• Offices and production based near Lake Windermere in the 
English Lake District.



About Blueprint Subsea

• StarFish  - a range of small, 
affordable and portable 
sidescan sonar systems.

• Artemis – a handheld diver 
console with integrated 
sonar and navigation. 

• RovTools - small to medium 
sized ROV tooling solutions.

• SeaTrac – acoustic data 
modems and USBL 
positioning transponders.

Our product range includes:



StarFish 452 Sonar

Steamship in the Gulf of Finland at a 
depth of 33 metres - courtesy of Ari 

Kapenen, Deeptech.

Concrete mattress beneath a 
harbour berth - courtesy of Marek 
Szatan, Hydrograf.



StarFish 453OEM Sonar

Wreck of a PB4Y Privateer 
bomber in Lake Washington 
at a depth of 53 metres.

Mosaic of Dock Survey using an 
Oceanserver Iver2 AUV.
(image produced using Oceanserver’s mosaicing 
software)



Artemis Diver Console

A handheld underwater computer 
incorporating target detection 
sonar and GPS navigation.

•Unexploded ordnance.

•Seabed infrastructure

•Missing persons, lost property, 
vehicles, aircraft, wrecks etc.

•Seabed / lakebed antiquities.



Artemis Diver Console
Sonar

Dive Profile Settings

Navigation



SeaTrac Modems

SeaTrac X150

All-in-one USBL 
tracking receiver 
and data modem.

SeaTrac X110

Transponder 
beacon and data 
modem.



SeaTrac Design Goals

• Miniature transponders (no 
additional hardware outside 
the transceiver housing).

• Simultaneous positioning 
with data exchange.

• Data exchanged between 
addressable transponders, or 
broadcast to all.

• Inverted USBL (iUSBL) 
operation for diver-to-diver 
or AUV-to-AUV positioning.

X110 or X150 Beacons
on Diver or AUV

X110 Beacon
on ROV

X150 USBL 
Beacon

X110 Modem
on Subsea Equipment



SeaTrac Design Goals

• Position update period of 
less than 2s.

• Efficient protocols for short 
messages (allowing closed 
loop operations).

• Acoustic frequency >20kHz 
for compatibility with Diver 
operations.

• Reliable operation to at least 
1km range, including very 
shallow water horizontal 
channels.

• Immunity to complex 
acoustic multi-path and 
Doppler effects.

• 100bps initial data rate, 
increasing to 1kbps+ for later 
missions (firmware update 
under development).



SeaTrac Applications

• Typical surface based tracking of single or 
multiple assets.

• Control, status monitoring and relocation of 
seabed based equipment.

• Mixed platform operations : Surface, Diver, 
ROV and AUV combined operations. 

• Diver-to-Diver or AUV-to-AUV (swarm) 
positioning & communications.



Hardware Platform

4 channel USBL Array. 
16-bit ADC sampling.

Pressure and Water
Temperature sensor.
Auto-calculates VOS 
(based on given salinity)

Main modem transmitter
Source Level <176dB.
Frequency 24 to 32kHz

150MHz Processor

AHRS Sensors
(Accelerometer, 
Magnetomerer
Rate-Gyro’s)



Hardware Platform

USBL Receiver 

Array
Modem Transducer

Preamplifier & 

Filter

Class D Power 

Amplifier

Preamplifiers & 

Filters

ARM Cortex M4 Processor

RS232 / RS485 

Communications

Pressure & Water 

Temperature 

Sensor

AHRS Sensors



Acoustic modem link Layer

Source and Dest ID bits allow…

• Targeted delivery

• Identification of responder

• Broadcast to all

Message Types…
• One-Way (Broadcast)
• Request / Respond
• Request / Respond USBL
• Request / Respond 

Enhanced

Message format…



Protocol Layer

PING Specified transponder responds
Position computed
Shortest message at 31 bits (410ms total)

ECHO

NAV

DAT

DEX

Specified transponder responds with transmitted 
payload. Useful to testing acoustic link

Navigation and tracking functions – allows remote 
interrogation of depth, heading, attitude, supply etc. 

Datagram protocol – UDP like, allows simple data 
exchange up to 31 bytes per packet.

Data Exchange protocol – TCP like, allows buffered 
‘sockets’ with missing packet tracking and recovery.

Serial commands available for each protocol for application control.



• 20+ years research in 
underwater acoustic comms & 
imaging

• Anechoic water tank, range of 
acoustic instrumentation, 
ROVs

• Several commercially available 
products.

• 3 academic staff, 3 research 
staff + 6 PhD 

Acoustics at Newcastle



Physical Layer (100bps)

• Low bit rate spread spectrum signalling used for robust data 
transfer.

• 100bps (raw data rate) = 10ms symbols
• Fmin = 24kHz, Fmax = 32kHz
• Special case 50ms symbols used for Sync and USBL positioning.

fmax

fmin

freq

time

1 0 1 1 0 0



Physical Layer

• SYNC chirp : 26dB 
processing gain

• DATA chirps:
19dB processing 
gain

• CHIRP signalling has 
inherent Doppler 
tolerance – but 
adaptive decoding 
algorithm used.

 

Header 
correlator 

↑ chirp 
correlator 

↓ chirp 
correlator 

Choose 
largest 
(↑ or ↓) 

synch 

error 
check 

Data out 

Signal in 

Header 
correlator 

↑ chirp 
correlator 

↓ chirp 
correlator 

Choose 
largest 
(↑ or ↓) 

Signal in 



USBL Positioning

• USBL uses a 4 element 
tetrahedral array with 20mm 
spacing.

• Uses same signalling scheme 
to enable simultaneous 
positioning and data 
exchange

• Recursive optimisation 
algorithm finds best fit for 
azimuth and elevation.



USBL Positioning

• Range resolution is governed by the signal 
bandwidth – approx 10cm.

• Azimuth and Elevation angles are combined 
with heading, attitude, acoustic range and VOS 
(from pressure and water temperature) to 
determine final relative position.

• ‘Enhanced’ mode USBL responses contain the 
remote transponder depth to 1m accuracy –
improves position solution (especially with 
refraction)



Performance Testing

Marina 
complex

8-10m deep

375m x 165m



Performance Testing

• >95% packet delivery at ranges up to 1.5km.

• SD of <2% of range over wide variety of environments.

• <2s position update achieved with CADDY vehicles.



Performance Testing

2610 Fixes
(47 groups)

Range SD: 
0.099m

Azimuth SD:
0.95°

Elevation SD:
0.51°

AHRS Yaw SD:
1.0°

AHRS P/R SD:
0.12°



Performance Testing

• Very challenging multi-path due to concrete walls and 
bedrock floor (channel time spread ~1s)

Avoiding obstacle

USBL



DSSS Scheme for 1.4kbps

• Firmware upgrade to introduce Direct Sequence 
Spread Spectrum (DSSS) processing

LFM chirp
(frame synch)

QPSK training 
sequence

(N,K) RS encoded QPSK symbols, each spread by 
an L-chip portion of 8191 chip binary code

50ms 31.9 ms 1.02s (for L=8, fchip = 8kHz, N=255)

Source 
data
(bytes)

(N, K) 
RS
encoder

QPSK 
mapping

8191 chip 
binary M-
sequence

fchip

fchip/L

255 chip 
QPSK 
training

fchip

LFM 
chirp

Tx

ejωct (carrier)



DSSS Receiver Structure

Rx

LFM 
correlator 
(frame synch)

e-jωct

resample 
& correct
CFO (ωd)

Adaptive 
LMS filter 

(h)

fchip*2

x

fchip

y

e

de-
spread
(L chips) 

QPSK 
hard 
decision 

+

fchip / L

re-spread
(L chips) 

255 chip 
QPSK 
training

(N, K) 
RS
decoder

fchip
d

][][][ ixihiy T=

][][][ iyidie −=

][][][]1[ * ixieihih µ+=+

( )][].[arg][ * idiyie =θ
][][]1[ ikiRiR epθ+=+

( )1][ −= iRcd ωω



DSSS in 1.5km Estuary Channel
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DSSS in 100m Dock Channel
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• Severe delay spread >100ms.
• Platform motions induced to 

simulate CADDY vehicles.
• 96% of packets decoded 

compared to 27% without 
Doppler correction.

Constellation before de-

spreading

Constellation after de-

spreading

Estimated velocity from 

Doppler correction

Channel 

impulse 
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Conclusions & Future Work

• The miniature transceiver design has proven effective 
and reliable and is entering volume production by 
Blueprint Subsea.

• The miniature integrated USBL array provides 
positioning with standard deviation of around 2% of 
range.

• 100bps spread spectrum mode has proven highly 
reliable on CADDY vehicles but will be replaced by 
1.4kbps DSSS scheme for higher throughput.

• Future work will focus on high rate (>20kbps) QPSK 
transmission modes and diver adaptive scheduling.



20-80kbits/s transmission with 
adaptive modulation and 
coding



Thank You
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Overview

 Established in 2008

 Porto University Spin-of

 Strategic partnership with the 
“Underwater Systems & Technology 
Laboratory” (LSTS)

 Headquarters in the Leixões Harbour 
complex

Provides Innovative Solutions for 
Hydrographic, Research and

Security & Surveillance Surveys



A BIT OF HISTORY

2008

2009

2010

2013

2014

1997

2000

2004

2006

2008

2014

- LSTS was established
- REMUS AUV Purchased

- Development of First 
AUV Prototype 

- Development of New 
Lightweight, Low cost 

AUV

- Portuguese BES 
Innovation Award

- OceanScan Established



VISION & APPROACH

 Lead the AUV industry in driving costs lower 

 World class payload and navigation solutions

 Flexible vehicle design to allow a wide range of 
applications 

 Increasing capabilities/acceptance of autonomous 
systems – particularly by the military 

 Highly operational tools for ocean demanding 
applications (Compact size, reliability, …)

 Open system

 Continuous technological integration

 Co-develop solutions and create operational 
experience with users



ACTIVITY

 Production and marketing of the LAUV 
system 

 Research and development

 Internal product development

 Special projects and systems

 Customer support 

 Maintenance and repairs

 Survey Services

 Demonstrations



MARKET & APPLICATIONS
 Defense

 Mine Warfare (MCM)
 Rapid Environmental Assessment (REA)
 Search & Rescue (SAR)

 Research/Academic

 Environment & Oceanography
 Underwater Archaeology
 Robotics

 Hydrography

 Bathymetry
 Dredging Support
 Environmental Mapping

 Next Step: Oil & gas 

 Increase depth rating up to 500m
 Pipeline Inspection
 High resolution and precision Bathymetry 
 Sub-Bottom Profiling



COLLABORATION - R&D



Spain

France

Italy

Benelux

Baltic Sea

Russia

Romania

Brazil
China

COLLABORATION - MARKET



OPS & CLIENTS



  

THE CONCEPT
Continuous and sustained presence in the Ocean

● Lightweight/small size
● Afordable
● Robust & Reliable
● Low logistics
● Modular design
● Open system



SOFTWARE FRAMEWORK

● Open source software toolchain for 
autonomous vehicles developed by 
Porto University

● Covers all the diferent stages of the 
mission life cycle: configuration, 
planning, simulation, execution and 
post-mission analysis.



  

SYSTEM OVERVIEW

(1) LAUV
(2) Command and Control Unit
(3) Communications Gateway

1

3

2



  

SYSTEM OVERVIEW



Down the Memory Lane



  

LAUV BLUE (2006-2008)

● Length: 110 cm
● Diameter: 15 cm
● Endurance: 4 hours
● Weight: 12 Kg
● Depth Rating: 25 m
● Steering: 3 Servo Controlled Fins
● Thrust: 60W Motor
● Comms: 802.11b, GSM
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Custom Narrow Band 
LBL 

● Payload Sensors: CTD

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University

Two Units

Decommissioned in 2008



  

LAUV GREEN (2007-2008)

● Length: 60 cm
● Diameter: 15 cm
● Endurance: 4 hours
● Weight: 8 Kg
● Depth Rating: 50 m
● Steering: 4 Servo Controlled Fins
● Thrust: 60W Motor
● Comms: 802.11g, GSM
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Custom Narrow Band 
LBL 

● Payload Sensors: CTD

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University

One Unit

Decommissioned in 2008



  

LAUV XTREME 1 (2008-2011)

● Length: 110 cm
● Diameter: 15 cm
● Endurance: 6 hours
● Weight: 14 Kg
● Depth Rating: 50 m
● Steering: 4 Servo Controlled Fins
● Thrust: 60W Motor
● Comms: 802.11g, GSM, Acoustic 

Modem
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Acoustic Modem LBL
● Payload Sensors: CTD, Echo Sounder

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST 

One Unit

Decommissioned in 2011



  

LAUV SEACON (2010-Present)

● Length: 137-185 cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight: 17-22 Kg
● Depth Rating: 50 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Acoustic Modem, 
DVL, RLG IMU

● Payload Sensors: CTD, Sidescan, 
Camera, Echo Sounder

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University, OceanScan-MST, and 

the Portuguese Navy

Four Units

2 Upgrades



  

LAUV XTREME 2 (2011-Present)

● Length: 186 cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight: 25 Kg
● Depth Rating: 50-100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM,Acoustic Modem 
● Navigation: GPS, MEMS AHRS,  Pressure 

Sensor, Acoustic Modem LBL, DVL, RLG 
IMU

● Payload Sensors: CTD, Sidescan, 
Camera, Echo Sounder

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST

One Unit

3 Upgrades



  

LAUV NOPTILUS (2012-Present)

● Length: 186 cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight: 25 Kg
● Depth Rating: 50-100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM, Acoustic Modem
● Navigation: GPS, MEMS AHRS,  Pressure 

Sensor, Acoustic Modem LBL, DVL, RLG 
IMU

● Payload Sensors: CTD, Sidescan, Camera, 
Echo Sounder, Multibeam

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST

Three Units

1 Upgrade



  

LAUV DOLPHIN (2013-Present)

● Length: 185-208 cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight: 28-30 Kg
● Depth Rating: 100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM, Acoustic Modem
● Navigation: GPS, MEMS AHRS,  Pressure 

Sensor, Acoustic Modem LBL, DVL, FOG 
IMU

● Payload Sensors: CTD, Sidescan, Camera, 
Echo Sounder

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST

Three Units



  

LAUV XPLORE (2013-Present)

● Length: 186 cm
● Diameter: 15 cm
● Endurance: 32 hours
● Weight: 25 Kg
● Depth Rating: 100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM, Acoustic 

Modem, Iridium SBD
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Acoustic Modem LBL
● Payload Sensors: CTD, Rhodamine, 

Refined and Crude Oils Sensor

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST

Two Units



  

LAUV LUPIS (2014-Present)

● Length: 150 cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight: 25 Kg
● Depth Rating: 100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM, Iridium SBD
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, DVL
● Payload Sensors: CTD

Developed by the Underwater 
Systems and Technology 

Laboratory (LSTS) of Porto 
University and OceanScan-MST

Three Units



  

LAUV LT (2014-Present)

● Length: 186-214- cm
● Diameter: 15 cm
● Endurance: 8 hours
● Weight:  30-33 Kg
● Depth Rating: 100 m
● Steering: 4 Servo Controlled Fins
● Thrust: 90W Motor
● Comms: 802.11n, GSM
● Navigation: GPS, MEMS AHRS,  

Pressure Sensor, Acoustic Modem, 
DVL, RLG IMU

● Payload Sensors: CTD, Sidescan, 
Camera, Echo Sounder, Multibeam

Developed by OceanScan-MST, the 
Underwater Systems and 

Technology Laboratory (LSTS) of 
Porto University, and EMMA 

Technologies

Three Units



  

SECTIONS

Tail Section
(Dry)

Servos+Motor
Drivers

Main Section
(Dry)

Electronics
Batteries

Nose Section
(Flooded)

WQ Sensors
Acoustic Txd 



  

INTERNAL VIEW

Environmental 
Sensors

Acoustic 
Transducer

Multi-Beam 
Sonar

IMU

Forward 
Looking Sonar

DVL

Wet/Dry 
Interface

Antennas Mast
(Wi-Fi, GPS, GSM, Iridium)

Flexible 
Fins

Auxiliary 
CPU

Ballast

Acoustic 
Modem

Batteries IlluminationCamera

Magnetic 
Coupling

Thruster and Fins 
Controllers

Main CPU

Side-Scan 
Sonar

Tail Section 
(Dry)

Main Hull
(Dry)

Nose Section
(Flooded)

www.oceanscan-mst.com
OceanScan – Marine Systems & Technology Lda



  

NAVIGATION INSTRUMENTS

● GPS, AHRS, Depth Sensor
● DVL (LinkQuest, Teledyne RDI)
● LBL (WHOI, Teledyne Benthos, EvoLogics)
● USBL (EvoLogics, Blueprint Subsea*)
● IMU (Honeywell, iMAR)



  

SONARS AND IMAGING

EdgeTech 2205 Series
HD SSS | 400/900kHz | 150/75m
L-3 Klein UUV 3500 Series
HD SSS | 455/900KHz | 150/75m
Optional Bathymetry 450kHz
Marine Sonics
Sea Scan HDS Embedded
Imagenex Yellow Fin
SSS | 260/330/800kHz
BlueView MB2250-W
MB | 2.25 MHz



  

Imagenex SSS
Harbour Survey | Cadiz, Spain



  

Edgetech HD SSS
Harbour Survey | Porto, Portugal



  

SONARS

● BlueView MB2250-W
● Klein UUV 3500



  

SONARS

Imagenex DeltaT
Frequency: 260kHz
Swath: 120x3 deg
Number of beams: 480
Maximum Slant Range: 100m



  

CAMERA

● Industrial Video Camera
● High sensitivity 1.4 MP CCD
● Resolution: 1376x1032
● Maximum Frame Rate: 15
● 4400lm LED illumination module



  

ENVIRONMENTAL SENSORS

● Sound Velocity
● CTD

Conductivity, Temperature, and 
Depth

● Dissolved Oxygen
● Optical Sensors

Turbidity and a wide range of 
fluorescence parameters

● pH
● Other environmental and 

oceanographic sensors



  

THE NEAR FUTURE

● Integration of more payload sensors (diferent 
brands and models)

● Increase the vehicle's diameter 

● Increase the depth rating to 200 m and then 500 m

● Improve visualization tools



  www.oceanscan-mst.com | info@oceanscan-mst.com | +351 220301576

OCEANSCAN – MARINE SYSTEMS & TECHNOLOGY
Engineering the future for a sustained presence in the ocean
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Diego Urbina,  

Space Application Services  
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!  SAUVIM USA PROJECT    
 

•  6 Ton I-AUV. 
•  6000 m. Depth rated. 
•  Pasive Arm for object localization. 
•  7 DOF arm for object manipulation. 
•  Free Floating Manipulation. 
•  Task Priority Redundancy Control. 

[Marani09]. 

!  TRIDENT EU PROJECT    
 

•  200 Kg I-AUV. 
•  500 m. Depth rated. 
•  7 DOF arm for object manipulation. 
•  Free Floating Manipulation. 
•  Agile Manipulation. 
•  Photomosaicing based object 
search. 
•  Multipurpose Grasping . 
•  Black Box Search & Recovery 

[Sanz12]. 
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!  ALIVE EU Project                  
•  2 hydraulic GRABS for docking 
•  1 7DOF arm for manipulation 
•  Sonar/vision based docking to an underwater panel 
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!  TRITON Spanish Project     
•  Funnel based Pasive Docking 
•  Range Only + Vision Navigation 
•  Valve Turning + Connector Un/Plugging 

!  PANDORA FP7                  
•  Learning by Demonstration 
•  Vision based Navigation 
•  Valve Turning 

! MERBOTS-ARCHROV          
•  Task Priority Redundancy Control + Concurrence 
•  Vision based Navigation 
•  Valve Turning 

 [Evans03] 

[Palomeras14] 

[Carrera15] 

 [Cieslak15] 
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Session 6. Chair – Joerg Kalwa

14:00  Marine UAS (EU project)  

14:30  ARROWS (EU project)  

15:00  T4.1 – AUV Technology: from concept to 
 commercialization 
 Alessio Turetta, GraalTech, Genova, IT� �

15:30  T4.2 – Measuring small island-induced processes: 
 Tech-savvy approaches  
 Rui Caldeira, CIIMAR, Porto, PT�
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Marine UAS 
EU PROJECT 

 
Tor Johansen, NTNU, Trondheim, NO 

António Pascoal, IST, Lisbon, PT 
 

  
 

 
 



Tor Johansen, NTNU, Trondheim, NO
presented by Antonio Pascoal, IST, Lisbon, PT

Overview of presenta/on
-‐  What is a Marie Curie Innova/ve Training Network?
-‐  Background and mo/va/on for MarineUAS
-‐  Scien/fic and training objec/ves of MarineUAS
-‐  Planned workshops and training events open for external par/cipa/on



European Training Network funded by H2020

•  Project period 1.1.2015 – 31.12.2018
•  15 PhD scholarships funded
•  10 Beneficiaries – 5 Academic, 5 Industrial/Research
•  4 Associated Partner Organiza/ons
•  Coordinator is Professor Tor Arne Johansen, Norwegian Univ. Sci. Tech.,

Trondheim



What is a H2020 European/InnovaCve Training Network?
Part of the Marie Skłodowska-‐Curie ac/ons: Keys are PEOPLE andMOBILITY
•  High quality doctoral-‐level training in and outside academia:

Increased compe==veness of European industry
•  Innova1ve training networks bring together universi1es, research centres and

companies from different countries worldwide to train a new genera1on of
researchers.

•  The funding boosts scien1fic excellence and business innova1on, and enhances
researchers’ career prospects through developing their skills in
entrepreneurship, crea=vity, and innova=on.



What more?
The proposed research training or doctoral programme should respond to
well-‐iden=fied mul=-‐ and interdisciplinary needs in scien/fic and
technological research areas, expose the researcher to different sectors, and
offer a comprehensive set of transferable skills (such as entrepreneurship and
communica=on).

Proposals should reflect exis/ng or planned research coopera/on among the
partners, involving the researchers through individual, personalised research
projects.
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Expanding on the exis/ng doctoral
programs at the involved universi/es,
MarineUAS combines
•  Cu_ng edge training-‐by-‐research
•  Complementary and transferable skills
training

•  Secondments/exchange among
partners

•  Hands-‐on UAS operator training
•  Cross-‐disciplinary skillset and field
tes/ng experience

•  Network-‐wide training events

Doctoral Training ObjecCves



European countries have vast coasts and
economic zones that go far into the
Atlan/c and Arc/c oceans and are
challenging to monitor and manage.

The need to protect and manage the
vulnerable natural environment and
marine resources in a sustainable manner
is an important policy that is manifested
in European legisla/on such as the
European Strategy for Marine and
Mari/me Research.

Why MarineUAS?



use of autonomous unmanned aerial
vehicle systems (UAS) instead of manned
aircrac and satellite-‐based remote sensing,
ocen/mes exploi/ng strong collabora/ve
links with buoys, ships and autonomous
marine vehicles for in-‐situ observa/ons.

UAS offers poten/al advantages such as
high endurance, reduced cost, increased
flexibility and availability, rapid
deployment, higher accuracy or resolu/on,
and reduced risk for humans and nega/ve
impact on the environment.

Applica/ons of UAS technology in marine
and coastal monitoring are numerous…

Why MarineUAS?



Environmental monitoring
Example: Use of EO and infrared/thermal cameras to monitor oil spills (Mari/me Robo/cs AS)



Iceberg surveillance
Northern sea routes are becoming afrac/ve due to the climate change.
Explora/on of minerals and petroleum is moving to the Arc/c.
Protec/on of the ships from collision with icebergs and sea ice may depend on UAV surveillance.



Search and rescue
Example: Use of infrared/
thermal camera
(Univ. Porto and NTNU)



Management of
Marine Resources,
Oceanography and
Security

•  Fisheries
•  Ship traffic
•  Border control
•  Pollu/on
•  Environmental
parameters

•  Oceanography
•  Marine biology



MariCme and Coastal UAS Scenarios
•  Large distances (100’s km) and long endurance (>8 hours) Beyond-‐Line-‐of-‐Sight (BLOS) opera/ons
•  Very limited communica/on infrastructure in many areas (including arc/c regions); satellite systems with small

footprint are generally sparse, unreliable, expensive, and low capacity.
•  Low risk for incidens involving third par/es; lifle air/surface traffic, sparsely or not populated



...or .... fog, darkness, rain, cloudy, windy, ...



UAVs must be able to operate safely in airspace shared with other air traffic.

Autonomous control with fault tolerant control and key safety func/ons such
as mid-‐air collision avoidance (detect and avoid) are essen/al to achieve this.

MarineUAS objecCve:
Enabling safe UAS BLOS operaCon in non-‐segregated airspace

• SESAR 2020 
• One of the key topics of SESAR 2020 is to integrate 
RPASs into the Single European Sky environment 

• Honeywell wants to play a major role in areas of DAA 
and C2 link development for RPAS within SESAR 
2020 

• National rules by Civil Aviation Authorities 
• NORUT, Maritime Robotics and NTNU have licenses 

and experiences with BLOS operations in shared 
airspace in Norway 
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This requires research on advanced real-‐/me informa/on
processing, and real-‐/me autonomous decision making that
integrates the intelligence into autopilots and task
execu/on.

This is essen/al in marine and coastal environments where
large spaces lead to long distance communica/on that will
usually not allow large amounts of data to be transmifed in
real /me.

MarineUAS objecCve: Smarter and more efficient UAS with intelligent
funcCons that adapt the UAS behavior and autonomously re-‐plan its
mission in real-‐Cme in response to onboard sensors
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Tightly coordinated opera/ons involving autonomous UAS in interac/on with
autonomous surface vessels (ASVs), autonomous underwater vehicles (AUVs), and
sensor nodes are needed in missions where remote UAS sensors are not sufficient, and
the ASVs and AUVs need aerial guidance in order to make measurements at the right
loca/ons.

Examples include
•  determining the spa/al and temporal extent of oil spills,
•  fields of toxic algae, and
•  plumes arising from pollutant discharges, as well as
•  es/ma/ng the temporal and spa/al distribu/on of scalar fields of which temperature,
chlorophyll concentra/ons, and salinity are examples
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… such as iceberg tracking in the Arc/c, large area mul/-‐vehicle monitoring and
surveillance, take-‐off and landing of UAVs from ships in harsh weather condi/ons, and
execu/on of complex missions in close collabora/on with marine science end-‐users.

DemonstraCon of capabiliCes and benefits in challenging marine
operaCons and science missions through field tesCng



Marine UAS training program
•  Some workshops and open for external

par/cipa/on
•  Summer schools are generally open

More informa/on at www.marineuas.eu



Engineering 
Systems 

Science 
Industry 

Policy 

Joint 
Missions 

I - Engineering Systems  
II - Science, Industry, and Policy 





Marine and Coastal Surveillance Workshop
Hosted by Mari/me Robo/cs in Norway Spring 2016

The objec/ve of this three-‐day workshop is to give an introduc/on to typical marine and coastal
inspec/on and surveillance missions, emphasizing the use of UAS.

The workshop will give an introduc/on to surveillance and inspec/on, search and rescue, sensor payload
systems, and opera/onal challenges such as harsh weather and lack of permanent infrastructure at sea.

We plan presenta/ons to be given by experts from MR, NORUT, the Norwegian Coast Guard, Norwegian
Clean Seas Associa/on for Opera/ng Companies, United States Coast Guard, MARINTEK, Sintef Fisheries
and Aquaculture, and the Norwegian Coastal Administra/on.

UAS demonstra/ons will be performed, possibly at Agdenes microairfield near Trondheim.



Marine and Coastal Science Workshop
Hosted by IMAR and IST at the Azores in Portugal Summer 2016

The workshop will afford par/cipants an introduc/on to environmental monitoring and mapping for sustainable
management of the coasts and oceans, with due account for the required technological systems (coopera/ng air, surface,
and underwater vehicles). Oceanography, and other applica/ons of MarineUAS, are facing the "Big Data" challenge
concerning observa/on systems and databases that could support end-‐users and service providers.

Leading experts in marine biology, oceanography, ecology, meteorology, UAS and coast guards will deliver lectures
providing insights on various aspects of marine and coastal monitoring systems. Field demonstra/ons will be organized
with surface, underwater, and aerial vehicles. The standards and requirements imposed by such systems and
infrastructure needs to be taken into account in an integrated systems of systems approach.

In addi/on to experts from IST and the Partner Organiza/ons IMAR, IPMA and CIIMAR, there will be presenta/ons
origina/ng from UPORTO, the European Global Ocean Observing System (EuroGOOS), European Mari/me Safety Agency
(EMSA), and Monterey Bay Aquarium Research Ins/tute, (MBARI).



RPAS Pilot and Operator Training and CerCficaCon
Basic course hosted by NORUT Tromsø, Norway

This course on UAS Opera/on includes planning, rules and regula/ons, legal and liability aspects, approval by
avia/on authori/es, cer/fica/on, pilot and operator responsibili/es and tasks.

The MarineUAS doctoral fellows will follow a 12-‐month program that will give them competence and skills as
UAS operators. The program will consists of lectures, e-‐course, exercises and prac/cal training.

The inten/on of the course is that it can form the basis of formal cer/fica/on of the ESRs as UAS operators for
VLOS and Extended VLOS opera/ons in certain European countries, having in mind the limita/on that the UAS
rules are not interna/onal or harmonized at this point. In any case, the course will give a comprehensive
understanding of the opera/onal aspects of UAS opera/on.



The two-‐day workshop organized by Honeywell in Prague,
Czech Republic, is planned for Winter 2016/17

It will focus on enabling technologies for UAS integra/on into
non-‐segregated airspace, in par/cular detect and avoid
(D&A), flight management, air traffic management (ATM), low
workload ground sta/ons, safe and secure command and
control, and high integrity autonomous platorms.

Presenta/ons will be given by experts from Honeywell,
European avia/on authori/es, and the MarineUAS partners.

Workshop on integraCon of UAS into non-‐segregated airspace



MarineUAS Summer School
Organized by IST, Portugal, Spring/Summer 2017

The two-‐week summer school will be a forum for the presenta/on and discussion of theore/cal and prac/cal
issues pertaining to UAS, with a special focus on the interac/on with autonomous surface and underwater
vehicles, and other marine assets.

Presenta/ons will be given on selected topics that include coopera/ve mo/on planning, naviga/on, and control,
as well as mission planning with due account for naviga/onal constraints.

The presenta/ons will be followed by hands-‐on experiments. Tests will be carried out in a protected marine area
using the fleet of autonomous surface and underwater vehicles that are property of IST and a group of small
autonomous air vehicles. The objec/ve is for the afendees to par/cipate ac/vely in the sequence of steps that go
into coopera/ve mission planning, programming, and execu/on, effec/vely going from theory to prac/ce. This will
be made possible by using advanced socware tools that allow for seamless algorithm implementa/on and
hardware-‐in-‐ the-‐loop simula/on prior to mul/ple vehicle deployment in real opera/ng condi/ons.



Winter School
Organized by University of Porto, Winter 2017/18

The two-‐week intensive summer school is
intended mainly for external researchers, with
mini-‐courses contributed by the MarineUAS
network par/cipants.

It will integrate technical topics and applica/on
case studies and demonstra/ons from the
partners in the network, in par/cular an extensive
set of presenta/ons and field demonstra/on from
UPORTO in collabora/on with IMAR, IPMA and
CIIMAR Par/cular emphasis is given on the
NEPTUS/DUNE/IMC open source socware
environment and control architecture for
networked mul/-‐vehicle opera/ons.



Individual research projects

ESR1 UPORTO Coopera/ve control of UAS for distributed monitoring with logic-‐based communica/on

ESR2 USE Mul/-‐UAS planning and trajectory genera/on for safe long dura/on missions

ESR3 IST Coopera/ve compliant ASV/USV forma/on control for coastal area surveys under stringent communica/on
constraints: Coordina/on with UAS

ESR4 USE Distributed appraoches for coverage and tracking missions with mul/ple heterogeneous UAVs for coastal
areas

ESR5 UPORTO Coordinated control for UAS integra/on in mari/me opera/ons

ESR6 MR Intelligent data acquisi/on in mari/me UAS

ESR7 NTNU Mul/-‐UAS iceberg detec/on, tracking and mo/on predic/on

ESR8 IST Coopera/ve mo/on planning and adap/ve ocean sampling strategies: Coopera/on between air and marine
vehicles

ESR9 NORUT Sensor based forma/on flights with discon/nuous sensor data applied to ice monitoring

ESR10 LiU Tight integra/on of GNSS and IMU at high la/tudes with ground radio support

ESR11 NTNU UAV fault tolerant control and automa/c de-‐icing

ESR12 CATEC Autonomous opera/on of VTOL UAV on mobile platorms

ESR13 HON Detect and avoid (D&A) for remotely piloted aircrac systems

ESR14 LiU Model-‐based diagnosis for UAVs

ESR15 iTUBS Mul/func/onal flight control and vehicle management
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ARROWS 
EU PROJECT 

 
Benedetto Allotta 
Univ. Florence, IT 

 

  
 

 
 



The ARROWS Project: 
Adapting and Developing Robotics Technologies for 

Underwater Archaeology 
 

Benedetto Allotta 
 

DIEF - Dept. of Industrial Engineering, University of Florence 
MDM Lab – Laboratory of Mechatronics and Dynamic Modelling 



y

This project has received funding from the European Union’s Seventh 
Framework Programme for research, technological development and 
demonstration under grant agreement no 308724 
 
Call: FP7-ENV-2012-one-stage, topic ENV.2012.6.2-6 Development of 
advanced technologies and tools for mapping, diagnosing, excavating,  
and securing underwater and coastal archaeological sites 
 
Starting date: September 1st, 2012 
Duration: 36 months 
Number of partners: 10 
EU F nding: about 3M€ 





t

1.  University of Florence, Italy 
2.  ISTI-CNR – Pisa, Italy 
3.  Tallinnaa Tehnikaulikool – Tallinn, Estonia 
4.  Heriot-Watt University – Edinburgh, UK 
5.  Edgelab S.R.L. – La Spezia, Italy 
6.  Albatros Marine Technologies S.L., Maiorca, Spain 
7.  Nesne Elektronik, Izmir, Turkey 
8.  TWI Ltd, Cambridge, UK 
9.  Regione Sicilia, Italy, 
10.  Eesti meremuuseum, Tallinn, Estonia 

1. University of Florence, Italy 
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•  Horizontal surveys of large areas using customized AUVs 

•  High quality maps thanks to localization abilities of AUVs 

•  Modern shipwreck/submerged site penetration by 
biomimetic vehicles 

•  Soft cleaning tool 

•  Mixed reality environments for virtual exploration of 
archaeological sites 

•  Monitoring of changes via back-to-the-site missions 

Goals 



c

Methodology 

•  Identification of the archaeologists’ requirements – an 
Archaeological Advisory Group has been created. S. 
Tusa, U. Dresen, I. Radic, H.G. Martin, A. Zarattini, P. 
Gambogi, P. Lätti  

•  Identification of the technological problems 

•  Looking for solutions with technological readiness levels 
that predict their maturation for exploitation within 3-5 years 



m

AUVs for archaeologists? 
The challenge (1): 

•  Small: 
ü  fits in a bag 
ü  can penetrate modern wrecks 
ü  easy launch & recovery 

•  Fast: 
ü  can move rapidly among sites 
ü  can rapidly map large areas for discovery missions 

•  Strong: 
ü  can afford currents and waves 

•  Long endurance: 
ü  can work for at least 8 hours before recharging 

•  Easy: 
ü  can be operated without the help of a platoon of nerds 

  “Re l Ti ”: 
ü  can supply processed data immediately, without need of hours of 

os p cessing 
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AUVs for archaeologists? 
The challenge (2): 

•  “Rich” payload: 
ü SSS for large surveys 
ü  Forward looking sonar for closer surveys of sites 
ü Subbottom profiler 
ü Magnetometer 
ü Metal detector 
ü Cameras for mosaicing, slam, 3D reconstruction 
ü … 

•  Precise positioning: 
ü  “back to the site” missions within 1 m or less 
ü Exact geo-referencing of images, sonograms, mosaics, 

3D reconstructions 



?

AUVs for archaeologists? 
The challenge (3): 

• Cheap!!! 

• Reliable: 
ü  always comes back home… 
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New vehicles – A-Sized (Edgelab)  
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New vehicles – MARTA (UNIFI)  
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New vehicles – MARTA (UNIFI)  
Main Features 
 
•  Torpedo–shaped 
•  Hovering capability 
•  Maximum depth: 150 m 
•  Maximum speed: 4 knots 
•  Diameter:  177Ø mm 
•  Length: depending on configuration 
•  Energy: 1300 Wh 
•  Modularity: modules connected by 

Ethernet, CAN Bus + power supply 
•  Linux + ROS Payload 

 
•  Forward-looking MBES 
•  2 cameras 
•  Laser + 4 leds 

Navigation and communication 
 
•  MEMS IMU + FOG 
•  DVL 
•  Depth sensor  
•  Altimeter 
•  GPS 
•  Radio modem 
•  WiFi 
•  Acoustic modems (2) 



New vehicles: U-CAT biomimetic robot (TUT) 
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New vehicles: U-CAT biomimetic robot (TUT) 
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New vehicles – U-CAT Biomimetic Robot (TUT) New vehicles – U-CAT Biomimetic Robot (TUT) 

•  Weight: less than 20 kg 
•  Material: Al - Anticorodal 
•  Maximum depth: 100 m 
•  Maximum speed: fins propulsion to 

be tested 
•  Size: 600 X 219Ø mm 
•  Power Supply: 29.6V DC X 620 Wh 
•  Linux + ROS 

•  1 camera 
•  2 LED illuminators 
•  IMU 
•  Depth sensor 
•  Custom made echo-

sounders 
•  GPS 
•  Wi-Fi 
•  Acoustic modem 
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“Old” vehicles – Typhoons “Old” vehicles – Typhoons 



Cleaning Tool (to be mounted on the Typhoon) Cleaning Tool (to be mounted on the Typhoon) 
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Robot system made of AUVs for 
underwater archaeology 
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Gulf of Baratti, July 28, 2014: SSS of the 
“Caligola” wreck 

Gulf of Baratti, July 28, 2014: SSS of the 



Optical data 

Acoustic data 
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Demonstration 1: 
May 26 – June 5, 2015 

 Sicily (Egadi Archipelago) 
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Demonstration 2: 
July 17-23, 2015 

Baltic Sea 
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Publications (so far…) 
1.  B. Allotta et al., “THE ARROWS PROJECT FOR UNDERWATER ARCHAEOLOGY,” finalist at the Italian Heritage Award 

2013, paper published in “Strategie e Programmazione della Conservazione e Trasmissibilità del Patrimonio Culturale,” 
Aleksandra Filipović and William Troiano Eds., Edizioni Scientifiche Fidei SIgna, 2013. ISBN 978-88-909158-8-8 

2.  B. Allotta, L. Pugi, F. Bartolini, A. Ridolfi, R. Costanzi, N. Monni, and J. Gelli, “Preliminary design and fast prototyping of 
an autonomous underwater vehicle propulsion system,” Proceedings of the Institution of Mechanical Engineers, Part M: 
Journal of Engineering for the Maritime Environment, 2014. 

3.   T. Salumäe et Al., “Design principle of a biomimetic underwater robot: U-CAT,” OCEANS'14 MTS/IEEE St. John's Oceans: 
Where Challenge Becomes Opportunity, Saint John's (Canada), 14-19 September 2014. 

4.  B. Allotta et al., “The ARROWS project: adapting and developing robotics technologies for underwater archaeology,” in 
IFAC Workshop on Navigation Guidance and Control of Underwater Vehicles (NGCUV 2015), 2015. 

5.  B. Allotta et al., “Development of a Navigation Algorithm for Autonomous Underwater Vehicles,” in IFAC Workshop on 
Navigation Guidance and Control of Underwater Vehicles (NGCUV 2015), 2015. 

6.  F. Bellavia et al., “Piecewise Planar Underwater Mosaicing,” Oceans’15 MTS/IEEE Conference, May 18-21, 2015, Genova, 
Italy. 

7.  B. Taner et al., “An Innovative Cleaning Tool for Underwater Soft Cleaning Operations,” Oceans’15 MTS/IEEE Conference, 
May 18-21, 2015, Genova, Italy. 

8.  F. Bellavia et al., “Piecewise Planar Underwater Mosaicing,” Oceans’15 MTS/IEEE Conference, May 18-21, 2015, Genova, 
Italy. 

9.  L. Pugi et al., “Design of a Modular Propulsion System for MARTA AUV,” Oceans’15 MTS/IEEE Conference, May 18-21, 
2015, Genova, Italy. 

10. D. Lane et al., “Facilitating Multi-AUV Collaboration for Marine Archaeology,” Oceans’15 MTS/IEEE Conference, May 18-21, 
2015, Genova, Italy. 

11. A. Ridolfi et Al. “Design of Modular Autonomous Underwater Vehicle for Archaeological Investigations,” Oceans’15 MTS/
IEEE Conference, May 18-21, 2015, Genova, Italy. 



  







c.

www.arrowsproject.eu 

benedetto.allotta@unifi.it  
 

Thank you for your 
attention! 
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AUV Technology: from concept to (almost) industrialization
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 Company Introduction

 An industrial R&D program: the Spicerack® project

 Application domain and motivations

 Peoject vision

 Preliminary de-risking phase

 The roadmap to a new AUV: Safran



 Established in 1998 in Genova, Italy

 Engineering R&D SME (12 persons, 3 Ph.D.) 

 Design and realization of mechatronic systems

 Expertises in:
 Mechatronic design
 Modeling, simulation and control
 Real-time software and embedded systems
 System integration and testing
 Project management

 Focus on Marine Application since 2006

FEW DETAILS



Products

 Folaga

 UMA

 X-300

WHAT WE DO



WHAT WE DO: PRODUCTS

Folaga – Autonomous Underwater Vehicle

Length

Diameter

Weight in air

Weight in water

Max speed

Min speed

Max depth

Navigation sensors

Additional Sensors

Communication

Batteries 

Endurance

 2222 mm

 155 mm

 31 kg (68 lb)

 Variable -0.35/+0.35 kg (-0.77/+0.77 lb)

 2 knots (4 knots optional)

 0 knots

 80 msw

 GPS, depth-meter, 3D inclinometer 

 Humidity, temperature, battery charge

 Radio link on surface

 Acoustic modem (optional)

 NiMH - 12V -45 Ah

 6 hours at max speed in AUV mode

 Days in glider mode



UMA - Underwater Modular Arm

Number of axis*

Length*

Weight in air*

Weight in water*

Max depth*

Lifting capability*

Control system

Sensors

Batteries 

Power

 7

 1 m

 28 kg (61.8 lbs)

 14 kg (30.9 lbs)

 100 msw

 10 kg (22 lbs) in air 

 Embedded servo boards with 
joint-level control at 200 Hz

 High-resolution joint positions

 6 axis force/torque (optional)

 camera on the wrist (optional)

 24 Volt

 200-500 Watt 

* User selectable. Data refer to the system in the picture

WHAT WE DO: PRODUCTS



NEW PRODUCT

X-300

Length

Diameter

Weight in air

Weight in water

Max speed

Min speed

Max depth

Navigation sensors

Additional Sensors

Communication

Batteries 

Endurance

 2222 mm

 155 mm

 29 kg (64 lb)

 Variable -0.35/+0.35 kg (-0.77/+0.77 lb)

 5 knots

 0 knots

 300 msw

 GPS, depth-meter, 3D inclinometer 

 Humidity, temperature, battery charge

 Radio link on surface

 Acoustic modem (optional)

 Li Ion 24V -1200 Wh

 14 hours at max speed in AUV mode

 Days in glider mode

Available 
in Q4 2015



Products

 Folaga

 UMA

 X-300

Services

 AUV for different needs

 R&D Partnerships

WHAT WE DO



WHAT WE DO: SERVICES

Graal Tech provides a customized access to the underwater world, to help 

clients collecting data from the marine environment, acquiring information from 

specific equipment, or performing ad-hoc missions.

Environmental 
Data Delivery

Underwater Equipment
Assessment

AUVs for 
Customized Missions

AUVs for Your Needs



AUVS FOR YOUR NEEDS

AUVs for Customized Missions

Target Clients

• Control researchers

• Project consortia for a demo

• Research teams for de-risking tests

Provided Services

• Support in mission definition 

• Support in payload definition

• Payload realization

• Support in mission execution

• Data extraction

• Data delivery



WHAT WE DO: SERVICES

Graal Tech helps organizations that care about innovation to reduce time and costs, 

while managing technical risks, in conceiving and realizing new mechatronic 

solutions, by combining its capabilities with the client assets and needs.

R&D Partnerships

Prototype 
Realization

Beyond 
Prototyping

Public Funded
Research Projects



R&D PARTNERSHIPS

Prototype Realization

Example: EWM

• Mechatronic design and development 

• Control system design and simulation 

• Software implementation 

• System integration 

• Validation tests



R&D PARTNERSHIPS

Beyond Prototyping

Example: Spicerack®
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ANOTHER SEISMIC SURVEY…



… BUT DIFFERENT THAN WiMUST



COSTLY DEPLOYMENT AND RECOVERY
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SPICERACK® VISION



MAIN CHALLENGES

Seismic 
coupling

Ensure that registered seismic data will have a quality at 
least equal to that of other ocean bottom nodes

Sea bottom 
holding

Ensure that every AUV will keep for days its location on the 
seabed and will be able to take off when needed

Target 
reaching

Ensure that every AUV will reach its target position and will 
land on it with the given precision (5 meters)



OUTLINE
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RISK ASSESSMENT PHASE: CINNAMON

Goal of the project

 To show the feasibility of 
the Spicerack concept

Actors:
 CGG Veritas
 CMRE
 Graal Tech



PROJECT GOAL

5m Radius



CUSTOMIZATION OF FOLAGA

 HiPAP transponder added
 Whoi Micromodem 

transducer in the nose
 Mission software developed



SEA TRIALS



TEST RESULTS: LANDING



TEST RESULTS: ENTERING IN THE BASKET



CELEBRATION !!! (March 2012)
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START OF ROAD TO SAFRAN (May 2012)

Goal

• PHASE 1 with 20 vehicles to be ready in 2014

(while keeping in mind PHASE 2 and 3…)



32

ENGINEERING PHASE



1st CHALLENGE – The Shape

Under the same stress conditions the cylindrical 
shape is 20 time better than the triangular shape

An AUV or an underwater TOBLERONE?



TWO ALTERNATIVE CONCEPTS EXPLORED



Main features

• Dry cylinder in a wet triangular central body

• Nose and tail wet sections

THE 1st CONCEPT: ALPHA



ALPHA – Internal structureALPHA – Internal structure



Main features

• Dry triangular central body

• Nose and tail wet sections

THE 2nd CONCEPT: BRAVO



BRAVO – Internal structure



1st Realization: ALPHA Ver.1 (July 2012)



40

TESTING PHASE



Freestyle Lateral shift Pitch control

Turn on the spot Verical dive Spiral

ALPHA Ver.1 – Motion Tests @ pool (La Spezia)



ALPHA Ver.1 – Navigation Tests @ lake (Viareggio)



ALPHA Ver.1 – Navigation Tests @ lake (Viareggio)

• remotely operated mode through a WiFi link

• unstable hydrodynamic behaviour registered at high speed



preliminary bottom holding capability test performed in river

ALPHA Ver.1 – Bottom Holding Tests @ river (Ovada)



ALPHA Ver.1 – Bottom Holding Tests @ river (Ovada)

• twisting maneuvre executed while pushing down

• some millimeters penetration into the sand achieved



46

TEST ANALYSIS AND NEXT STEPS PLANNING



Target 
reaching

Needs of hull with better hydrodynamic properties for a 
more stable and faster navigation  ALPHA VER.2 and .3

47

LEARNT LESSONS



ALPHA VER. 2 – New tails and noses



ALPHA VER. 2– Preliminary tests in the pool



ALPHA VER. 2– Navigation tests @ lake



ALPHA VER. 2– Navigation tests @ lake

• autonomous mode

• mission commands received via WiFi



ALPHA VER. 2– Navigation tests @ lake
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ALPHA VER. 3– New tail and 12 pumps



ALPHA VER. 3 – Navigation tests @ lake

• better behaviour obtained

• higher speeds achieved



ALPHA VER. 3 – Navigation tests @ lake



Sea bottom 
holding

Needs of a more effective technique than a simple twisting 
maneuvre to obtain a better penetration inside the sea 
bottom  the concept of MAGIC CARPET

56

LEARNT LESSONS



THE CONCEPT OF MAGIC CARPET



THE FIRST TESTED MOCKUP

• plexiglass mockup with ALPHA Ver.1 nose and tail 

• 5 centimeters sand penetration obtained



Seismic 
coupling

Needs of comparative tests to assess the quality of seismic 
data acquired  CHARLIE and DELTA AUVs

59

LEARNT LESSONS



CHARLIE

Main features

• seismic Payload as it is in Trilobit (backup solution 
of DELTA)



DELTA

Main features

• seismic Payload with the “Jim2” solution  

• acoustic modem



DELTA – Internal structure



DELTA Ver. 1 – Tests in tank – Quality of Data

• comparative tests performed with Trilobit and Delta

• recorded seismic data evidenced good quality
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TESTING PHASE
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TEST ANALYSIS AND NEXT STEPS PLANNING



Seismic 
coupling • Good coupling with the new magic carpet  NEW BODY

Sea bottom 
holding

• More effective fluidification  NEW MAGIC CARPET

• Feedback on the burying process  BURIAL SENSOR

• AUTOMATIC BURYING PROCEDURE

Target 
reaching

• More powerful actuators  CUMIN, PAPRIKA

• Accurate position feedback  ACOUSTIC GUIDANCE

• Stability without protruding surfaces  ECHO

66

FURTHER IMPROVEMENTS



NEW JET-PUMP: CUMIN

• Brushless motor inside

• Oil filled with pressure compensator

• Max force: 2ON @ 650W



NEW THRUSTER

• Brushless motor inside

• Oil filled with pressure compensator

• Max force: 30N @ 650W (with 50mm propeller)



NEW STEERING-THRUSTER: PAPRIKA

• Brushless motor inside

• Oil filled with pressure compensator

• Max force: 20N @ 400W (with 40mm propeller and 45mm tunnel)



ECHO

ECHO Ver. 1 ECHO Ver. 2



NEW MAGIC CARPET

• More holes

• Integrated in the hull



THE BURYING CHALLENGE

Custom sensor

Automatic procedure



FURTHER ACHIEVEMENTS

• Removable batteries

• Low-power avionics 

• Real-time SW

• Multi-AUV GUI

• Navigation with negative buoyancy



REMOVABLE LI-ION BATTERIES

• Easily removable for fast substitution

• Tested at 150 msw

• Decoupled actuators and sensors

• 340Wh @ 25.2V (30A max current)

• 470Wh @ 7.2V (5A max current)



LOW-POWER LOW-COST AVIONICS

• Low cost arm-based CPU (115 €, 170mA)

• 18 channels serial driver board (40$)

• Low-cost 3D inclinometer (75$)

• ESC for jet-pumps and thruster (60$-150$)



QT-BASED SOFTWARE ARCHITECTURE

• Object-based infrastructure easily scalable and reconfigurable

• XML-based settings of parameters-to-tune, commands, data-to-log

• Improved logging facility

• Nested control loops up to 10Hz



ADVANCED MULTI-AUV GUI

• OS independent

• Joystick and touchscreen integrated

• On-line graphical monitoring of variable of interest 

• Multiple mode supported (Manual/TeleOperated/Mission/Calibration)



NAVIGATION WITH NEGATIVE BUOYANCY

8 minutes run: 2.5 knots @ -2kg buoyancy

depth

time

0.125 m 

10 sec



NAVIGATION WITH NEGATIVE BUOYANCY

pitch

1.5 deg 

10 sec

time

8 minutes run: 2.5 knots @ -2kg buoyancy



NAVIGATION WITH NEGATIVE BUOYANCY

heading

2 deg 

10 sec

time

8 minutes run: 2.5 knots @ -2kg buoyancy
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GLOBAL MISSION AT SEA



www.graaltech.com alessio.turetta@graaltech.it

NEED MORE INFO



GLOABAL MISSION AT SEA

www.graaltech.com alessio.turetta@graaltech.it
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Measuring small island-induced 
processes: Tech-savvy approaches 

 
Rui Caldeira 

CIIMAR, Porto, PT 
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Researcher @ CIIMAR
Lecturer @ ICBAS, U. Porto
Director of OOM

Measuring small island-‐induced
processes: Tech-‐savvy approaches

18 – 19 June
Lisbon       

Workshop



Outline
Island wakes: perturbing geophysical fluids

Laboratory studies: Dynamics

Airborne campaigns: Atmospheric wakes

Autonomous underwater vehicles: Ocean wakes

  Search & Location

A vision for the future...

CIIMAR-Madeira



Island Wakes    Perturbing fluids

Earth fluids:

Ø  Atmosphere 

Ø  Ocean

CIIMAR-Madeira



Coriolis platform
2008/2009



CIIMAR-Madeira

Coriolis platform



Laboratory studies: HYDRALAB III, FP6 / FP7

CIIMAR-Madeira



Wind Wake and VKS in the lee of Madeira Island

MODIS-‐terra. 5-‐July-‐2002.

MODIS-‐terra, 1-‐jan-‐2002

MODIS-‐terra, 28-‐Apr-‐2002

Credit: Jacques Descloitres, MODIS Land Rapid Response Team,
NASA/GSFC (hOp://visibleearth nasa gov/) .







I-WAKE

CIIMAR-Madeira



Madeira Wakes: Atmospheric

CIIMAR-Madeira
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Madeira Wakes: Atmospheric

CIIMAR-Madeira

• 2 Pyrometers Kipp & Zonen CMP22 (visible) & CGR4 (Infra-‐red) (measuring upweling & downwelling radiances)

• “General Eastern” hygrometer (Dewpoint temperature range -‐75 -‐/+50°C);

• Rosemount 1201 & Rosemount 1221
stahc (0-‐1035 hPa) &
dynamic (0-‐85 hPa) pressure;

• CIMEL CLIMAT: Radiahve temperature
3 wavelengths (-‐50; –400°C);

• 5-‐port turbulence probe;
Wind: ± 256 kts ± 180 deg;

• Inerhal Navigahonal System
& Global Posihoning System



Madeira Wakes: Atmospheric

CIIMAR-Madeira



Madeira Wakes: Atmospheric

CIIMAR-Madeira

Total distance => ~700 NM = ~1300km



Madeira Wakes: Atmospheric

CIIMAR-Madeira





Madeira Wakes 
Oceanic



� ar � c s � q � t � � � �



CIIMAR-Madeira



CIIMAR-Madeira





qACR



Light-AUV 

Honeywell 
HG 1700 

Yellow fin 
Edgetech Evologics Evologics 



MISSION-I: Bathymetry 



Funchal Harbor Bathymetry 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 



Mission-II: Search & Location 

33 



Mission-II: Search & Location 
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Mission-II: Search & Location 

35 



Mission-II: Search & Location 

36 



   
 

 



Mission-III: CTD 

38 

•  LAUV: 2h @ ~1.2 m/s 

•  22 perfis individuais com 
1-navio ~5-6h 



Mission-III: CTD 

39 
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FUTURE: Madeira is an excellent system to 
study the air-sea interface

CIIMAR-Madeira

Lower 
Atmosphere

Interface

Upper 
Ocean

10
00

m
20

0m
-1

00
m

0m



It is real!

CIIMAR-Madeira



Thank you! 



CIIMAR-Madeira

Boundary layer interaction

Source: Coupled Boundary Layers Air-‐Sea Transfer Defense Research Inihahve (CBLAST-‐DRI)
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Session 7. Chair – João Pedro Gomes 

16:30  SubCULTron(EU project)  

17:00  T4.3 – An Introduction to real-time data processing in 
 autonomous survey operations 
 Niels Nijhuis, CARIS EMEA, NL�

�

�
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SubCULTron 
EU PROJECT 

 
Thomas Schmickl 

Univ. Graz, AT 
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• 1979, Dr. Masry, UNB
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• CARIS Ping-to-Chart™
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AUV Survey Overview

• Endurance
– 8 hours to 72 hrs (not inc. gliders)
– Size and payload dependent
– Needs to be recovered or return to base

• Depth range 
– 30m, 200m, 3000m 
– 70% of AUVs sold < 200m water depth 

• Source: Westwood 2010; Lukas C Brun 2012

• Communications
– Surface: Satellite, telemetry, wireless 

internet
– Sub Surface: Low bandwith acoustic 

comms



AUV Survey Overview

• Data acquired by AUVs
– Sonar

• Sidescan
• Multibeam
• Interferometric
• Synthetic Aperture Sonar (SAS)

– ADCP
– Oceanographic Sensors
– Cameras

• Time stamped internally and 
files stored

Source: Hydroid

Source: Kongsberg Maritime



Introduction

• The volume of Autonomous Survey Operations have increased over the 

past 5 years

• Many platforms

– Not only AUVs, but also ASVs

• More sensors

• Longer endurance
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Autonomous Platform Market

• Lower capital & operating costs, rapid deployment/recovery and the 
ability to work closer to the intended target

• Pre-defined mission and gather hydrographic data, to be stored internally 
until recovery when it would be processed

• As power sources improve operating times increase



The Operational Requirement

• Data volume increases

• Data bottleneck

• Data deliverables may be slower
– Data typically has to be processed after 

download at end of mission (small real-
time communications bandwidth)



The Operational Requirement

• Autonomous platforms often lack the ‘human control’ in the 

feedback loop

• Data deliverables may be slower

– Data could be incorrectly acquired due to lack of surveyor 

interaction with platform (no feedback loop)



Logged 

Files

Traditional Autonomous Platform Workflow

GPS/INS

IMU

Sonar

Acquisition 
System



Workflow



HIPS and SIPS



CARIS OnBoard – Processes

• The list of processes that can be built into a workflow is 

lengthy:

Recompute Towfish Navigation

Recompute Contact Positions

Regenerate Additional Bathymetry

Create Surface 

Add to Surface

Recompute Surface

Finalize Surface

Combine Surface

Create Mosaic 

Add to Mosaic 

Export Surface to ASCII, GeoTiff etc.

Conversion

Sound Velocity Correction

Load Tide

Load Auxiliary Data

Load Delta Draft

Merge

Apply Bathymetry Filters

Apply Attitude Filters

Surface Filter

Compute GPS Tide

Compute Total Propagated Uncertainty



Workflow in CARIS Workflow in CARIS OnBoard



Low Bandwidth

CARIS OnBoard – Processes

Examples of near real time products

High Bandwidth

CARIS line files

GeoTiff Sidescan Mosaic Sounding Surface

ASCII depths

Bathymetry surface 

QC report



• By processing hydrographic data ‘On Board’, we can 

mitigate the data bottleneck

– A processed dataset can be made available over limited bandwidth 

to the surveyor

– Decisions can then be made as to how to proceed with the survey 

in the most time efficient manner

– If no bandwidth is available, an almost final 

dataset can be quickly reviewed before 

redeployment of the vessel

- For survey launches and manned vessels, a 

near-completed survey dataset is immediately 

available at the end of the survey



Typical CARIS OnBoard Users

• Product deliverables scaled to support remote 

operations

– AUV

– ASV

– Manned Platform remote supervision (survey launch/tenders)

– Crowdsourced Bathymetry



Proof of Concept Proof of Concept –– 3 tier approach

• In order to prove the concept, 3 platforms were identified:

– Autonomous Surface Platforms
– Autonomous Underwater Vehicles
– Manned Survey Launches

• This allowed a scaled approach to proving the software 
with both the platform and sensors



Proof of Concept – Liquid Robotics & Teledyne



Proof of Concept - Z Boat at US Hydro 2015



Proof of Concept – NOAA Bay Hydro II & Terrasond



Proof of Concept – Hydroid Remus

• Successful trial on 
Remus vehicle 
conducting trials in 
Boston, MA



Proof of Concept – Kraken SAS



Potential Time Savings
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Conclusions

• Onboard data processing reduces overall ping 
to product time

• Allows for remote transfer of meaningful data 
from your survey platform, preventing costly 
errors in data acquisition and allowing effective 
management of remote assets

• Allows survey personnel to focus on higher level 
hydrographic tasking

• As part of the CARIS Ping-to-Chart
TM

solution, 
the data gathered can be processed in an 
optimal workflow to final product

TIME          TIME          

QUALITY

TIME          TIME          

COST

TIME          



Next Steps

• Partnering with platform and sensor manufacturers

– E.g: AUV, ASV, ROTV

• Full Windows/Linux package release in 3rd Quarter, 2015



For more information

• Brochure
• www.caris.com
• sales@caris.nl




