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The Big Picture
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Introduction Video
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Market domain:

Marine Robotics (Civil & 
Commercial)


• Geotechnical 
Surveying 


• Distributed Sensor 
Array


• Geophysical Surveying

• Monitoring
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• 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
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between 1 and square root of the number of search sample, in this case 22).  

Three optimization algorithms from the YALL package (Zhang et al., 2010) were tested and 
the results are shown in figure 3.1 for the l1 norm (see (2)) showing a large number of 
spurious peaks (red), for the l1 – l2 norm unconstrained where still some low amplitude 
estimates at wrong depths can be seen (green) and for the l1 - l2 norm constrained, 
corresponding to (3), with the lowest mean square error (black) when compared to the true 
values (blue) (figure 3.1a). At each range the three different amplitudes denote the reflector 
strength decrease with depth into the bottom. The results obtained with the l1 - l2 norm 
constrained where used to reconstruct the 2D bottom estimate along range and depth giving a 
visual perception of the bottom layering structure (figure 3.1b). 

 

(a) (b) 

 
Figure'3.1 inversion'results'on'synthetic'example'with'30'bottom'scatterers'using'the'YALL'(Zhang,'2010)'package'for'the'
l1#norm'(red),'for'the'l1#norm'l2'unconstrained'(green)'and'for'the'l1#norm'l2#constrained,'corresponding'to'(3),'(black)'and'

true'values'(blue)'in'(a)'and'bottom'reconstruction'with'the'l1#norm'l2#constrained'(b).'

 

The above methodology requires further testing for variable sensing array geometries, 
broadband signals and robustness testing to various environmental parameter mismatch. A 
simulator for performance prediction in realistic data will normally follow with application to 
real data when available. This work originated two international conference presentations, one 
of which with proceedings (Jesus, 2016). 

Task 3.3 – Model-based geoacoustic inversion with a DSA [M10-M30] 

As referred to above there are two main avenues for bottom inversion one is based on MFI 
and the other on ToA, that are addressed in tasks 3.3. and 3.4, respectively.  

One of the first problems to be dealt with in MFI is to determine the data observables to be 
matched to the model and the associated cost function. Since one of the concerns in WiMUST 
is the reduced capabilities of communication between the vehicles and the command and 

Acomms &  
    Positioning) 
18-34 kHz 

HF Acomms 
       120-200 kHz 

Acomms  
          18-34 kHz 

HF Acomms 
       120-200 kHz 

Navigation

Guidance &


Control

WP4

Communications WP6

Distributed 
Acoustic Array


WP3

WP7

WP2

Mission 

Planning

WP5

Girona, Spain 16 May 2017 - EMRA 2017 Workshop



Girona, Spain 16 May 2017 - EMRA 2017 Workshop

 
Figure'4'Aerial'view'of'a'curled'streamer'(before'the'mission'starts,'the'vehicle'is'holding'position).'

 
Figure'5'Aerial'view'of'two'MEDUSA'vehicles'(ISTIID)'towing'two'streamer'in'a'straight'line.'

 

 
Figure'4'Aerial'view'of'a'curled'streamer'(before'the'mission'starts,'the'vehicle'is'holding'position).'

 
Figure'5'Aerial'view'of'two'MEDUSA'vehicles'(ISTIID)'towing'two'streamer'in'a'straight'line.'

 

 
Figure'6'Aerial'view'of'two'MEDUSA'vehicles'(ISTIID)'towing'two'streamer'in'a'curve.'

First streamer-towing tests'

Goal: To assess the behavior of the  MEDUSAs + streamers system. 
Observations: 

- The streamers were too buoyant and needed to be trimmed to remain underwater 
at the desired depth (about 30cm); this was later solved with the help of GS and 
GM during the week of the WiMUST Lisbon meeting. 

- At a constant thruster set-point that makes the MEDUSA Black vehicle move at 
around 1m/s without streamer, attaching the streamer slows the system 
MEDUSA + streamer to around 0.9 m/s. 

- When towed in a straight line, the streamers did not remain completely straight - 
they curled. This was possibly due to some “memory” deformation effect caused 
by the way the streamers were stored. 

 
Quadrotor video recording 
Goals:  

- Record video from a quadrotor of two MEDUSAs towing streamers in a 
coordinated mission for 

- qualitative performance assessment and dissemination purposes). 
- assessment of the extent of the “curling” effect. 

Observations: 
- Aerial imagery showed that the vehicles were not exactly coordinated (along 

track position offset of around 1 m) even though the GPS data showed almost 
perfect coordination. This was found out to be due to the two GPS receivers 
being on different modes. Before any mission with multiple vehicles at the 
surface the GPS should be in the same mode. 

Ship vs ASC source
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available on the project internal wiki-pages (the version uploaded on ECAS will be updated). 
A detailed description of the consortium follow-up with respect to all the comments, 
suggestions and recommendations can be found in section 4 of this Report. 
 
As for Industrial Dissemination, although the corresponding task T8.3 has not formally started 
yet, several actions have already been taken. These include participation to industrial fares 
(e.g. Oceanology International 2016, London) and technical conferences also addressing an 
industrial audience. Further details can be found in the section on 1.2.8 of this report.  

Autonomous Catamaran versus traditional Ship for towing the WiMUST acoustic seismic 
source (sparker)  
 
One of the main problems faced during this period was the definition of the final experiments, 
especially in relation to the use of a manned ship for carrying the sparkers. The main issue 
with the manned ship is its compatibility, in terms of speed and manoeuvrability, compared to 
the AUVs employed in this project, namely the Medusa and Folaga vehicles. Indeed, the 
following speed constraints also apply to many small to medium size AUVs. For the 
WiMUST available platforms the following hold: 
 

1. MEDUSA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s;  

2. FOLAGA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s; 

3. Typical Ship (not equipped with DP): minimum speed ~3 knots (~1.5 m/s); 
 
Furthermore, the following geometrical constraints have to be fulfilled by the AUVs-ship 
team: 
 

1. All AUVs have to maintain line of sight visibility to the two MF modems at the back of the 
ship; 

2. All AUVs are equipped with directional HF modems that have to be approx. pointing towards 
the HF modem installed on the ship and this modem has to be pointing to the “center of the 
formation”; 

 
Traditional survey design have the advantage of being well documented and tested, as well as 
to fulfil all the desired survey specifications. As a preliminary observation, it should be 
noticed that to mimic the traditional survey methods, the ship towed source and the AUVs 
should be accurately time synchronized and have the same speed for spatial synchronization. 
This is a problem, as the maximum AUV speed appears to be too small for a traditional vessel 
used in geotechnical surveys. The ship could not properly manoeuvre at such a slow velocity 
and it could not grant sufficient accuracy in following the prescribed path while proceeding at 
such a slow speed. 
 
To solve this problem, we first have investigated alternative survey patterns that do not 
require the AUVs and the ship to move at the same speed. 
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around 1m/s without streamer, attaching the streamer slows the system 
MEDUSA + streamer to around 0.9 m/s. 

- When towed in a straight line, the streamers did not remain completely straight - 
they curled. This was possibly due to some “memory” deformation effect caused 
by the way the streamers were stored. 

 
Quadrotor video recording 
Goals:  

- Record video from a quadrotor of two MEDUSAs towing streamers in a 
coordinated mission for 

- qualitative performance assessment and dissemination purposes). 
- assessment of the extent of the “curling” effect. 

Observations: 
- Aerial imagery showed that the vehicles were not exactly coordinated (along 

track position offset of around 1 m) even though the GPS data showed almost 
perfect coordination. This was found out to be due to the two GPS receivers 
being on different modes. Before any mission with multiple vehicles at the 
surface the GPS should be in the same mode. 



Girona, Spain 16 May 2017 - EMRA 2017 Workshop

	

available on the project internal wiki-pages (the version uploaded on ECAS will be updated). 
A detailed description of the consortium follow-up with respect to all the comments, 
suggestions and recommendations can be found in section 4 of this Report. 
 
As for Industrial Dissemination, although the corresponding task T8.3 has not formally started 
yet, several actions have already been taken. These include participation to industrial fares 
(e.g. Oceanology International 2016, London) and technical conferences also addressing an 
industrial audience. Further details can be found in the section on 1.2.8 of this report.  

Autonomous Catamaran versus traditional Ship for towing the WiMUST acoustic seismic 
source (sparker)  
 
One of the main problems faced during this period was the definition of the final experiments, 
especially in relation to the use of a manned ship for carrying the sparkers. The main issue 
with the manned ship is its compatibility, in terms of speed and manoeuvrability, compared to 
the AUVs employed in this project, namely the Medusa and Folaga vehicles. Indeed, the 
following speed constraints also apply to many small to medium size AUVs. For the 
WiMUST available platforms the following hold: 
 

1. MEDUSA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s;  

2. FOLAGA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s; 

3. Typical Ship (not equipped with DP): minimum speed ~3 knots (~1.5 m/s); 
 
Furthermore, the following geometrical constraints have to be fulfilled by the AUVs-ship 
team: 
 

1. All AUVs have to maintain line of sight visibility to the two MF modems at the back of the 
ship; 

2. All AUVs are equipped with directional HF modems that have to be approx. pointing towards 
the HF modem installed on the ship and this modem has to be pointing to the “center of the 
formation”; 

 
Traditional survey design have the advantage of being well documented and tested, as well as 
to fulfil all the desired survey specifications. As a preliminary observation, it should be 
noticed that to mimic the traditional survey methods, the ship towed source and the AUVs 
should be accurately time synchronized and have the same speed for spatial synchronization. 
This is a problem, as the maximum AUV speed appears to be too small for a traditional vessel 
used in geotechnical surveys. The ship could not properly manoeuvre at such a slow velocity 
and it could not grant sufficient accuracy in following the prescribed path while proceeding at 
such a slow speed. 
 
To solve this problem, we first have investigated alternative survey patterns that do not 
require the AUVs and the ship to move at the same speed. 
 

	

available on the project internal wiki-pages (the version uploaded on ECAS will be updated). 
A detailed description of the consortium follow-up with respect to all the comments, 
suggestions and recommendations can be found in section 4 of this Report. 
 
As for Industrial Dissemination, although the corresponding task T8.3 has not formally started 
yet, several actions have already been taken. These include participation to industrial fares 
(e.g. Oceanology International 2016, London) and technical conferences also addressing an 
industrial audience. Further details can be found in the section on 1.2.8 of this report.  

Autonomous Catamaran versus traditional Ship for towing the WiMUST acoustic seismic 
source (sparker)  
 
One of the main problems faced during this period was the definition of the final experiments, 
especially in relation to the use of a manned ship for carrying the sparkers. The main issue 
with the manned ship is its compatibility, in terms of speed and manoeuvrability, compared to 
the AUVs employed in this project, namely the Medusa and Folaga vehicles. Indeed, the 
following speed constraints also apply to many small to medium size AUVs. For the 
WiMUST available platforms the following hold: 
 

1. MEDUSA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s;  

2. FOLAGA AUVs: minimum speed ~0.5 m/s (to keep the streamers straight), maximum speed 
~1 m/s; 

3. Typical Ship (not equipped with DP): minimum speed ~3 knots (~1.5 m/s); 
 
Furthermore, the following geometrical constraints have to be fulfilled by the AUVs-ship 
team: 
 

1. All AUVs have to maintain line of sight visibility to the two MF modems at the back of the 
ship; 

2. All AUVs are equipped with directional HF modems that have to be approx. pointing towards 
the HF modem installed on the ship and this modem has to be pointing to the “center of the 
formation”; 

 
Traditional survey design have the advantage of being well documented and tested, as well as 
to fulfil all the desired survey specifications. As a preliminary observation, it should be 
noticed that to mimic the traditional survey methods, the ship towed source and the AUVs 
should be accurately time synchronized and have the same speed for spatial synchronization. 
This is a problem, as the maximum AUV speed appears to be too small for a traditional vessel 
used in geotechnical surveys. The ship could not properly manoeuvre at such a slow velocity 
and it could not grant sufficient accuracy in following the prescribed path while proceeding at 
such a slow speed. 
 
To solve this problem, we first have investigated alternative survey patterns that do not 
require the AUVs and the ship to move at the same speed. 
 



Girona, Spain 16 May 2017 - EMRA 2017 Workshop

	

	
Figure	1	Alternative	loom	survey	strategy 

 
A “loom strategy”, as shown in Figure	 1 was first considered. Despite the fact that such a 
strategy can cover all classes of offsets, and has multiple azimuth coverage, it has several 
important disadvantages. In particular, it requires precise coordination between vehicles and 
ship, which is very difficult or impossible for a human pilot to do; HF (directional) modems 
on the AUVs cannot communicate with the ship except when it is in front of them. This could 
be solved by adding one ASV going in front of the formation as a “scout” for communications 
relay. This however implies adding another ASV with that single purpose. 
 

	

Figure	2	Alternative	circle	survey	strategy	

A “circle strategy” was then considered, and it is sketched in Figure	 2. This strategy has 
several problems as well. In fact, the ship has to “go around” the formation to (try to) 
maintain line of sight visibility between the modems and the AUVs, while the AUVs progress 
at constant speed. The resulting trajectory of the ship is complex (cycloid like). Finally, 
performance wise, it is very difficult to have near class offsets (because it requires getting the 
ship very close to the AUVs). 
The above alternative strategies result to be unfeasible as the resulting paths for the ship 
would have been geometrically complex and to be driven at possibly varying speeds. Based 
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Dummy Streamers, November 2015, Lisbon
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Massy, France - 17 March 2017 - 2nd Review Meeting - WP7

Folaga Towing a Dummy Streamer (March 2016)



Massy, France - 17 March 2017 - 2nd Review Meeting - WP7

Mechatronic / Electronic Integration

Sines

November 2016
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Massy, France - 17 March 2017 - 2nd Review Meeting - WP7

Real Streamers 3rd 
November 2016, Lisbon

Mechatronic / Electronic Integration
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Sparker Electronics 
needs to be installed on 
the catamarans

The sparker will be 
towed
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Mechatronic / Electronic 
Integration

Multitrace acquisition System on MEDUSA vehicles

• fully encapsulated to make it watertight in a 

minimal space 

• with a single Ethernet + power connector

<< stre
amer
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Mechatronic / Electronic 
Integration

The encapsulation process

1 2 3
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Mechatronic / Electronic 
Integration

Multitrace Integrated, acquiring seismic data in Sines, PT

<< stre
amer
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Mechatronic Integration
DAVS integration on MEDUSA vehicle


– 1st preliminary approach for 

validation and vehicle self-noise assessment



Girona, Spain 16 May 2017 - EMRA 2017 Workshop

Mechatronic Integration
DAVS integration on MEDUSA vehicle


– final arrangement in Sines, PT
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Modems integration
Short Range Communication Final Report               WiMUST Deliverable D6.1                  Version  :     Final  

Fig. 29. Experimental set up for disciplining/investigations of atomic clocks (numbered 

as 1 and 2)

In general, the SCAC disciplining/investigation procedure can be described as 

following:

- wait for GPS fix on both GPS receivers,

- run 1PPS configuration on both units,

- check that 1PPS are present and synchronous,

- check that both CSAC units has locked,

- set the disciplining time constant,

- switch on disciplining mode,

- run script to log the data,

- wait until the end of the procedure, i.e. until DiscOK sets to 1,

- switch off the disciplining mode,

- set and latch the steer value of the atomic clocks,

- multiply the steer value by 1000 (values of the order pp10
12

 are 

reported, however Set uses the units of the order of pp10
15

).

Theoretically  each  GPS  receiver  can  operate  independently  from any  other 

receiver,  yet  providing  phase-synchronized  1PPS  output  which  can  be  used  for 

approximately equal disciplining and phase synchronization result on separate AUVs. 

This would support an idea to carry out short disciplining procedure independently by 

45

Short Range Communication Final Report               WiMUST Deliverable D6.1                  Version  :     Final  

a) b)
Fig. 26. Electronics of the modem S2CM18/34OEM before project start: a) the 

modem photo, b) installation of two modems (S2CM18/34, S2CM42/65 OEM) 

a)

b)
Fig. 27. Modem electronics S2CM18/34OEM in M20: a) modem photo after re-

design, all components including atomic clock SCAC SA.4s, b) placement of the 

atomic clock on the modem electronics

Fig. 27 demonstrates the solution with atomic clock arranged on the top of 

S2CM18/34  modem  electronics  (a  –  modem  photo  after  re-design  with  all 

41
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• IST-ID DELFIM Catamaran 
equipped with EL modems: 

• Medium-Frequency OEM  

• High-Frequency USBL   

• Both modems mechanically 
attached to the lower end of the 
keel (vertical wing), providing:

DELFIM Catamaran (IST-ID): 
EL Acoustic Modems Integration on board DELFIM Catamaran

Expo Dock (2016/11)

• georeferenced range measurements (MF with atomic 
clock and PPS signal from a dedicated GPS receiver)  

• absolute positioning of underwater assets
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• Multiple integration solutions are being studied in CAD environment 

• GEO Sparker Power Supply demands a considerable amount of 
power… two gasoline 2 kW generators running in parallel already 
demonstrated to be a good solution

DELFIM Catamaran (IST-ID): 
GEO Power Supply and Sparker Integration On Board DELFIM

Generators

Power Supply

Sparker
Electrodes



Girona, Spain 16 May 2017 - EMRA 2017 Workshop

Sines, 
November 
2016
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Sines, November 2016 
Video
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