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EDITORIAL  

Good News

Welcome to this second edition of the Unmanned Systems special of Hydro International. 
Our focus is on Autonomous Unmanned Vehicles, Remotely Operated Vehicles and 

Unmanned Surface Vehicles and we have been collecting an array of articles in this 

special to help you stay up to date with all the developments in this promising sector of 

our industry. First of all, we interviewed Dan Hook, managing director of ASV Ltd. (UK) 

on page 8. Hook is a pioneer in the world of autonomous surface vehicles and shares his 

views on what the future will hold for autonomous surface vehicles. He sees operating 

safely over the horizon and beyond the line of sight from a support vessel as one of the 

major developments in the nearby future. At the same time Hook identifi es the biggest 

challenges in being able to operate these vehicles beyond the line of sight and the 

solutions to solve them: better communication for collision detections and avoidance. In 

the feature article Ocius Technology: Launch of a Next-generation Wind-powered USV by 

Robert Dane on page 20 a new form of propulsion is explored and explained. This new 

form of propulsion is inspired by the way the Australian bluebottle jellyfi sh swims off the 

East coast waters down under. In the feature article Underwater Communications and the 

Level of Autonomy of AUVs by Stefania Giodini on page 16 the authors focus on different 

and better ways of underwater communication that will increase deployment of AUVs. 

Joost Boers, editorial manager at Hydro International gives a clear overview of trends and 

developments in the world of ROVs in his article Many Tasks in Many Shapes and Sizes on 

page 32. And of course there’s more: articles, news and businesses presenting themselves 

in this Unmanned Systems special. The sector of Unmanned Systems is a promising one, 

as I already mentioned. A report on the World Global AUV market by market research 

organization Douglas Westwood predicts a growth of the total AUV fl eet of 42% between 

2014 and 2018. And the total of ROV operations expenditure,  according to Douglas 

Westwood, is forecasted at 9.7 billion USD up to 2017. That is an increase of 80%. It is 

surely not a bad place to be in to these days. Half of the AUV demand comes from the 

military sector, but deepwater oil & gas activities, environmental sensing and research 

mapping are also driving growth, says Douglas Westwood. Regions like Latin America and 

Africa are growth areas with increasing market share, where North America is still taking 

up the largest chunk of the market: 64% - slowly going down to 60% due to the growth 

in aforementioned regions. The investments in the sector are mirroring those of the land-

based ‘drone’ sector. That sector is booming and therefore the similarity in the AUV sector 

is good news!
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On Geo-matching.com you can fi nd more than 72 unmanned systems (ROVs, 
AUVS, USVs). Visit Geo-matching.com for specs, videos, & brochures.

CAT-Surveyor
Unmanned Surface Vehicles 

CAT-Surveyor is a 

catamaran type 

drone (3m long), with 

tele-operated and 

automatic navigation 

modes, allowing 

hydrographic data 

acquisition and/or 

port/inland above 

and under water 

surveillance. With its 

open architecture 

and high-speed PC 

to PC communication 

the system permits 

easy integration and deployment of sensors such as video day/night cameras, 

side scan sonars, multibeam sonars, acoustic cameras, sediment sounders, 

magnetometers, physico-chemical sensors, etc.

 http://bit.ly/CAT-Surveyor
Product brochure: bit.ly/1Hq4IxB
Product video: bit.ly/1GVeqXa

Iver3-580 
AUVs – Autonomous Underwater Vehicles
OceanServer builds the fi rst commercially developed family of low 

cost Autonomous Underwater Vehicles (AUVs), Iver, used for sensor 

development, survey work, sub-surface security, research and 

environmental monitoring. These modern AUVs are single man-portable 

and feature an intuitive mission planner.

 http://bit.ly/Iver3-580
Product brochure: http://bit.ly/1JYSHPo
Product video: http://bit.ly/1ftS8mI

Z-Boat 1800
Unmanned Surface Vehicles 
The Z-Boat 1800 is the ultimate high performance portable remotely-

operated hydrographic survey boat. Offering 10kt maximum operating 

speed, singlebeam, side scan, and multibeam sonar payloads, now 

with autonomous waypoint navigation, Z-Boats are in action all around 

the world.

  http://bit.ly/Z-boat1800
Product brochure: http://bit.ly/1HSaU1M
Product video: http://bit.ly/1D5iOz3 AUV A18

AUVs – Autonomous Underwater Vehicles 
ECA Group’s AUVs are designed to match the whole spectrum of underwater 

applications. The different sizes and depth ratings ensure that the right AUV is 

selected for the right application. Small AUVs have a low logistic footprint and are 

easily inserted into and recovered from shallow and very shallow waters.

 http://bit.ly/AUVA18
product brochure: http://bit.ly/1JTR7kC
product video: http://bit.ly/1HhWiF9

Unmanned Systems on Geo-matching.com

http://geo-matching.com/
http://geo-matching.com/
http://bit.ly/CAT-Surveyor
http://bit.ly/1Hq4IxB
http://bit.ly/1GVeqXa
http://bit.ly/Iver3-580
http://bit.ly/1JYSHPo
http://bit.ly/1ftS8mI
http://bit.ly/Z-boat1800
http://bit.ly/1HSaU1M
http://bit.ly/1D5iOz3
http://bit.ly/AUVA18
http://bit.ly/1JTR7kC
http://bit.ly/1HhWiF9
http://geo-matching.com/
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NEWS  

Klein Associates, Inc. L-3com.com

CLEARLY…
THE DIFFERENCE IS IN THE IMAGE!

The L-3 Klein UUV-3500 was developed as a side scan sonar with the unprecedented benefit 
of an advanced bathymetry payload for the growing Autonomous Underwater Vehicle (AUV), 
Remotely Operated Underwater Vehicle (ROV) and UUV markets. The UUV-3500 payload utilizes 
L-3 Klein’s proprietary wideband technology for unmatched range and resolution, while operating 
at reduced power to deliver superior capability at a highly affordable price.

To learn more about how L-3 Klein is leading the way with cutting-edge clarity, call 603.893.6131 
or visit us at L-3Klein.com.

This seafloor image of a 150m swath at 900 kHz is unaltered and unretouched.

No 3673

Europe’s Deepest 
 Glider to be Developed  
19 partners from across Europe have come together to develop 

Europe’s first ultra-deep-sea robot glider. It will be capable of 

sampling the ocean autonomously at depths of 5,000m, and 

maybe more in the future, for up to three months at a time. 

This project, which includes the National Oceanography Centre 

(NOC), has won EUR8 million of funding from the European 

Union’s Horizon2020 programme to develop and test the 

innovative new technology.

 http://bit.ly/1fqA2SA

Underwater Robot with Turtle-like 
Propulsion 
The Robot Safari Exhibition at the London Science Museum has seen the world premiere 

of the underwater robot U-CAT, a highly manoeuvrable robot turtle. The U-CAT has been 

designed by the Centre for Biorobotics at Tallin University of Technology, Estonia, as part 

of the EU Archaeological Robot Systems for the World’s Seas (ARROWS) research project. 

U-CAT’s propulsion principle is similar to that of sea turtles.

 http://bit.ly/1fqAccP

The design for the deepwater AUV.

The concept of the turtle-like propulsion being demonstrated.

http://l-3com.com/
http://l-3klein.com/
http://bit.ly/1fqA2SA
http://bit.ly/1fqAccP
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INTERVIEW

 Dan with C-Enduro, the USV for oceanography built under an SBRI.

What attracted you to the autonomous 
surface vehicles business?
I could see that this was an area of huge 

unrealised market potential in the defence, oil 

and gas and survey markets. There was also 

no one else doing it.

You have been with ASV for 14 years. What 
main difference do you see in the vehicles?
Reliability and capability. The size of the 

vehicles has not changed much at all but 

technology is advancing very quickly; these 

vehicles have become much more reliable and 

capable of completing a wider range of tasks. 

ASV’s initial venture into the market came 

about by supplying and operating remote 

controlled target drones in the UK. Since then 

however, we have moved onto producing 

much more complex vehicles for use in 

scientific research, surveys and oil and gas 

work. These vehicles, such as our C-Enduro 

and C-Worker, are capable of being at sea for 

longer periods of time and can house a range 

of different sensors and payloads. 

How did ASV enter the hydrographic/ocean 
science market?
Although there is some overlap, these are 

two different markets. Our first project in the 

hydrographic market was the development 

of a semi-submersible craft fitted with a side-

scan and multibeam sonar suite for the US 

Navy. Our first venture into the ocean science 

market came later when we were awarded an 

SBRI (Small Business Research Initiative) to 

design and build a long endurance USV for 

oceanographic applications, the C-Enduro. 

This was an Innovate UK funded project 

initiated by a requirement from the National 

Oceanographic Centre, supported by NERC 

and Dstl. 

What do you think is the greatest step to be 
taken by autonomous surface vehicles, for 
surveying, in the near future?
The ability to operate safely over the horizon 

and beyond the line of sight from a support 

vessel will be a huge game changer for 

autonomous surface vehicles. ASV has 

recently been awarded funding from an 

Innovate UK maritime autonomy call to 

develop and prove the capability to operate 

USVs over the horizon. ASV will be working 

with Cranfield University, D-RisQ and Frazer 

Nash Consultancy on this project. One of the 

main challenges currently faced when looking 

to achieve over the horizon communications is 

the lack of regulatory guidelines. This will be 

one of the issues addressed in the research 

project and something that ASV is actively 

working on.

Will autonomous surface vehicles be able to 
replace traditional vessels?
I believe that USVs have the ability to 

complete a huge amount of tasks currently 

carried out using a manned craft. This has 

many benefits including freeing up these 

larger vessels to complete tasks such as 

deploying large ROVs or bottom sampling 

equipment for example. USVs can be used 

to complete the dull, dirty and sometimes 

dangerous tasks that are currently being 

carried out by manned vessels and in some 

cases, putting operators at risk. 

Which limitation for research ASVs do you aim 
to solve first? 
As already mentioned, the ability to 

operate safely over the horizon is an 

important aspect to look at. This requires 

ASV (headquartered in the UK) is a pioneer in the world of Autonomous Surface Vehicles. It discovered the 

potential of vessels that do not need man-power on board for various tasks. It was not until a few years ago 

that these kinds of platforms started taking off, also in the hydrographic survey profession. Hydro 

International interviews Dan Hook, ASV’s managing director, on various aspects, including operating 

beyond the horizon, communication and collaboration and regulations.

Being Able to Look and 
Work Over the Horizon  
is Important

Hydro International Interviews Dan Hook, ASV.

 | JOOST BOERS, EDITORIAL MANAGER, HYDRO INTERNATIONAL
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 USV designed and built for oceanographic applications under an SBRI funded by Innovate UK and supported by NOC, NERC and Dstl.

developments in situational awareness, 

collision detection and avoidance and 

satellite communications. 

The ASV vehicles use propulsion systems that 
require some power supply (diesel, electric) 
– the most independent vehicle runs for 3 
months. Will ASV extend this?
Currently we do not see the need to operate 

a USV for a continuous period longer than 3 

months. The reason for this is that the sensors 

and equipment fi tted to the vehicle will require 

cleaning and servicing. Having said that, 

the way the technology is advancing, this 

requirement may soon be extended to a longer 

period of time. 

ASV operates in several ASV markets: defence, 
science, offshore. Which market shows the 
most growth?
We are seeing equal growth in all sectors. I 

think this is a refl ection of how the technology 

is advancing and the steady wider adoption of 

the use of Unmanned Surface Vehicles. We 

are investing heavily in our offshore products 

and are expecting considerable growth in this 

area in particular. 

How do you see autonomous vehicles 
developing further?
There is potential for collaboration between 

unmanned vehicles. In the not too distant 

future I expect to see ASVs transporting, 

deploying, supporting and recovering AUVs 

for deepwater work. There is also the potential 

for ASVs to interface with UAVs (Unmanned 

Aerial Vehicles). 

What kind of (simple) M&R jobs would an 
offshore vehicle like the C-Worker be able to 
do in addition to surveying and inspection?
Our initial focus for C-Worker has been 

deployment of a USBL for subsea positioning, 

multibeam echo sounder for inspection work, 

ADCP for environmental data gathering, PAM 

(Passive Acoustic Monitoring) for cetacean 

tracking, and the deployment of an inspection 

class ROV (Remotely Operated underwater 

Vehicle). When carrying out such tasks, 

C-Worker operates autonomously, following 

pre-programmed missions. For purposes of 

launch and recovery, we also operate the 

vehicle on a remote controlled basis. 

Are unmanned surface vehicles having 
an impact on how survey companies 
nowadays work?
It is still a little too early to say, although we 

are noticing a change in the way shallow 

water surveys are being conducted. Areas of 

shallow-water can often be in dangerous and 

hard to reach places, with vehicles like our 

C-Cat 2, surveyors are still able to complete 

their work but without risking the health and 

We are developing a Maritime Autonomous 
Surface Systems code of practice for safe and 
responsible operations



We’ve got your survey solutions covered from above and below...

Integrated ROV and USV Solutions
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 ASV’s offshore oil and gas USV, a particular area of growth.

Dan Hook is ASV’s managing director, with over  
14 years experience in the unmanned 
marine industry. Dan is a qualified 
Naval Architect and Chartered Engineer. 

Under Dan’s leadership, ASV has achieved a 
position at the forefront of Maritime Autonomy as 
the leading manufacturer of Unmanned Marine 
Systems. In just five years the company has grown 
from 3 to over 50 employees and recently opened 
an office and operational base in the US. In April 
2015, Dan was awarded the AMSI Council 
Business Person of the Year.

  info@asvglobal.com

safety of their operators. Using a USV in  

these situations also gives a greater  

degree of operational flexibility. 

Will the role of the surveyors and 
geophysicists change in the future? 
I can foresee that surveyors may spend more 

time onshore with remote data links from ASVs 

but their role will not change. 

How will USVs and AUVs operate with each 
other in the future?
We are seeing a need for ASVs and AUVs 

to work together for Mine Countermeasure 

(MCM) applications and we expect to see 

this requirement grow in the science and oil 

and gas markets in the next few years. ASV, 

along with the National Oceanography Centre, 

Sonardyne and SeeByte, has won funding 

from Innovate UK to combine ASVs with AUVs 

into an integrated survey system to create a 

lower cost solution to marine surveying. 

How do you prevent collisions with regular 
merchant vessels or yachts? And should there 
be damage caused by a collision, how would 
you assess the liability?
This is a difficult area as there are currently 

no clear regulations– that is also why ASV is 

investing considerable time and effort into safe 

operations. A key element to this is collision 

avoidance. At such a pivotal time for the 

unmanned marine industry, I believe safe and 

responsible operations and practices are vital. 

We are developing a Maritime Autonomous 

Surface Systems code of practice for safe and 

responsible operations which is being shared 

and made available to any interested parties 

in the industry. We are also an active and 

contributing member of the MAS regulatory 

working group which is looking to develop 

a best practice regulatory framework for 

presentation to the Maritime Coastguard 

Agency (MCA).  

 ASV’s C-Sweep, a USV designed for 
MCM applications, here operating with 
an integrated ROV. 

mailto:info@asvglobal.com
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 Figure 1: The vehicles being launched in phase 2. Image courtesy: National Oceanography Centre.

When it comes to ocean exploration and 

discovery, the potential of new generation 

ocean robots is only just beginning to be 

explored. In 2013, the UK government made 

a commitment to robotics and autonomous 

systems, naming them as one of the ‘Eight 

Great Technologies’. In the same year, the 

National Oceanography Centre (NOC) further 

enhanced its investment in robotics. The 

organisation, which already owned a range of 

robotic vehicles including underwater gliders, 

AUVs and ROVs, purchased a Liquid Robotics 

SV3 Wave Glider. NOC and the Defence 

Science and Technology Laboratories (DSTL) 

had also co-funded a government-backed 

competition for UK commercial companies 

to design and develop new unmanned 

surface vehicles (USV). NOC purchased the 

two winning designs - the C-Enduro and the 

AutoNaut - which are very different in look and 

feel, but complement each other and offer 

enormous capability for ocean exploration and 

data capture.

With its new fleet of diverse robot equipment 

now in place, the next step for NOC was to 

better understand the different capabilities of 

these vehicles and how they perform in a real-

life ocean environment, with all the challenges 

that brings. The NOC’s ‘Exploring Ocean 

Fronts’ project was born. A highly-ambitious, 

multi-partner project, its aim was to test the 

capabilities of different types of vehicles, 

including the three USVs and two Slocum 

gliders and how they work together as a fleet. 

The Players in the Team
A distinctive vehicle, C-Enduro was designed 

and built by ASV, based in Portsmouth, UK, 

with additional offices in the USA (Houston, 

TX and Brousaard, LA). Measuring 4.2m in 

length and 2.8m high (including the mast), 

the catamaran shaped vehicle is built with a 

rugged carbon fibre, self-righting hull. Fully-

loaded, the vehicle weighs 500kg with a draft 

of 0.4m and features a drop keel for sensor 

payloads. 

C-Enduro is twin propeller-driven and has 

solar panels, a wind-powered generator and a 

diesel generator, enabling the vehicle to travel 

at a speed of up to 7 knots. A fast-moving 

C-Enduro can remain at sea for 60 days and 

can operate in strong tidal streams and where 

quick transit is required. It has a large payload 

capacity and carries GPS, an AIS receiver, 

Robotics and autonomous systems are championed as one of the UK government’s ‘Eight Great 

Technologies’. The National Oceanography Centre is committed to maximising this technology to further 

ocean science and has purchased a fleet of innovative autonomous surface vehicles, each with different 

specifications and capabilities. The fleet – including custom-designed vessels — was put through its paces 

late last year in an ambitious project. The first results from this mission have been revealing, with each 

vehicle proving it has a part to play in the future of autonomous research.

Furthering Ocean Science Using  
Innovative Marine Robotics

First Results of Unmanned Surface Vehicle Trials Revealed

MAATEN FURLONG, NOC SOUTHAMPTON, UK
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 Figure 3: Launch of the MOST Autonaut.

 Figure 2: ASV’s C-Enduro.

a depth sounder, Airmar 150WX and CTD 

sensors. It is also equipped with a winch for 

lowering CTDs and other instrumentation.

With a shape reminiscent of a canoe, AutoNaut 

has been designed and built by MOST 

(Autonomous Vessels Ltd), based in West 

Sussex, UK. It is propelled by wave power, 

with its payload powered by a solar-charged 

battery and a methanol fuel cell. AutoNaut 

weighs approximately 120kg and is 3.5m in 

length, with a draft of 0.3m. It is composed of 

a single unit that has foils attached directly to 

the hull, making it easy to launch and recover; 

it can be launched from a slipway, towed out 

to the waves and remotely piloted via satellite. 

With an average speed of around 2-3 knots, it 

can stay at sea for long durations - more than 

3 months at a time - and can cover 500 miles 

in a week and keep station on a 35 metre 

radius. As a base payload it carries an AIS 

receiver, CTD sensors and an AirMar 150WX 

weather station to measure air temperature, 

wind speed and direction. It can also attach a 

towed array for passive acoustic monitoring. 

For this mission, a radar transponder was fitted 

to augment the AIS based collision avoidance 

system. An auxiliary electric power pod is fitted 

for calm weather.

are split into two sections with a float and a 

sub-unit. Wave Gliders have a large payload 

capacity and both versions carry an AIS 

receiver, a weather station and water speed 

sensor. The SV2 model of the Wave Glider 

is just over 2m in length, weighs 89kg and 

travels through the water at an average of 1 

knot. Its sub unit is suspended 5.8m below 

the main float and it is powered by waves, 

while its payload is powered by solar-charged 

battery. It carries an Echomax radar target 

enhancer. The larger SV3 model of the 

Wave Glider weighs 150kg, with its sub unit 

suspended 4m below the main float, which 

is just over 3m in length. It can remain at sea 

for up to 1 year and has a maximum payload 

weight of 45kg. It travels through the water 

at an average of 1.8 knots and is primarily 

powered by waves, but also includes an 

electric thruster for increased flexibility. 

In addition to the on-board equipment, all 

three of NOC’s USVs can carry surface-

mounted Go-Pro cameras to take video 

images and stills far out into the ocean.

Trialling the Cooperating Fleet 
In October 2014, after months of planning, 

the date for the first ‘real-life’ trial of the 

NOC’s new USVs had arrived. Coordinated 

by the Marine Autonomous Robotics Systems 

(MARS) team at NOC, the ‘Exploring Ocean 

Fronts’ project was wide-ranging and 

involved twenty partners from the public, 

Furthering Ocean Science Using  
Innovative Marine Robotics

NOC operates two versions of Liquid Robotic’s 

Wave Glider. Developed in Hawaii and with 

a design reminiscent of a surf board, they 
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Maaten Furlong
Maaten Furlong joined NOC in 2005 as an 
Autonomous Underwater Vehicle (AUV) 
development engineer and has been involved in 

all aspects of AUV development and operation. In 2013, he 
was promoted to the head of the Marine Autonomous and 
Robotics Systems facility where he now oversees the 
operations and developments of the AUV, subsea glider, 
unmanned surface vehicle and tethered system fleet.

  maaten.furlong@noc.ac.uk

 Figure 4: Liquid Robotics Wave Glider at mooring.

private and academic sectors. Designed to 

test the capabilities of the ocean robots to 

work together as a fleet, they undertook two 

separate and distinct ocean-going tasks.

Phase One saw AutoNaut, C-Enduro and 

both types of SV Wave Glider deployed 

from the Isles of Scilly and Cornwall along 

with two Slocum gliders. The robots were 

tasked with travelling through ocean fronts 

collecting data on the physical properties of 

the ocean environment and marine fauna, 

including plankton and marine mammals. 

Their journeys were piloted remotely, 

and their performance monitored from a 

central operations centre at the NOC in 

Southampton. 

Inclement Weather
During the carefully coordinated deployment, 

between them, the vehicles travelled over 

150km from land over 20 days collecting a 

large volume of scientific data. The mission 

was made significantly more challenging by 

the arrival of a major storm which tested the 

abilities of the different vehicles to operate 

and respond in adverse weather conditions, 

including 6m (20 foot) high waves.

As expected, the project confirmed that the 

different marine robots each excelled in 

slightly different ways. During phase one, the 

AutoNaut was piloted along fixed trajectories 

and successfully travelled in and out of 

the front while towing a 25m long passive 

acoustic array. It covered 630km through 

the water at an average speed of 1.2 knots 

collecting a range of data, and proved to 

be a very effective performer at relatively 

slow speeds in the open ocean. C-Enduro 

completed transects around the Scilly Isles, 

demonstrating strong capabilities in coastal 

waters aided by its power source. It also 

demonstrated its endurance potential and 

effectiveness in strong tidal streams where 

higher speeds are required. The Wave Gliders 

excelled at keeping tightly to their designated 

track and operated well in deeper water. 

Although all vehicles worked well the real 

benefits were seen in the large combined fleet 

operations. Having multiple vehicles in the 

water all sampling one large ocean feature 

increased the situational awareness and 

enabled rapid re-tasking of individual vehicles 

to optimise the survey.

Robots Complementing Fixed  
Monitoring Arrays
A month later, phase two of the project took 

place with a very different focus: testing the 

vehicle fleet in coastal waters, tracking 85 

tagged fish released into a Marine Protected 

Area (MPA). In a trial coordinated by the 

Marine Biological Association, the C-Enduro, 

the SV3 Wave Glider and AutoNaut were 

equipped with fish tracking acoustic receivers, 

and were deployed alongside a fixed seabed 

sensor array to form an integrated system for 

tracking the movement of the tagged fish. The 

fixed array provides long term monitoring of 

fish movements at set points while the moving 

robotic vehicles periodically monitor the gaps 

between the fixed arrays. This integrated 

system approach has the potential to 

significantly reduce the operational overhead 

of tracking the fish, and provides a step 

change in data quality. 

To date, the initial results have been 

encouraging and have aptly demonstrated 

the benefits of using these robotic vehicles as 

part of an integrated measurement system. 

Well over 100 fish detections were made using 

the vehicles across a wide area, and provided 

near real-time tracking of the fish.

Valuable Additional Imagery and 
Footage
In addition, through both phases of the 

project, all three vehicles demonstrated 

their potential for monitoring the ocean 

using on-board cameras, recording some 

impressive and revealing photographs and 

footage. Almost 4000 images were captured 

along with additional time-lapse video footage, 

providing valuable snapshots of ocean life. 

They featured storm images and photographs 

of marine litter, weed mats and marine life, 

including gannets and a harbour porpoise. 

Pushing Boundaries
In 2015, the success of the ‘Exploring Ocean 

Fronts’ project is still being evaluated, along 

with the capabilities of the different USVs 

involved. The findings from both phases are 

being used by all organisations involved to 

shape future uses for the marine robots and 

also to develop and refine the technology itself. 

It is an exciting era. As the UK government 

continues to champion autonomous robotics, 

NOC will continue to push the boundaries of 

autonomous exploration of the ocean, learning 

lessons and making new discoveries about the 

technology along the way. 

More information
‘Exploring Ocean Fronts’ short video 
featuring the USVs taking part in the 
trials. https://youtu.be/zUwnp5WfbhE
‘Exploring Ocean Fronts’ project
http://projects.noc.ac.uk/exploring-ocean-
fronts

mailto:maaten.furlong@noc.ac.uk
https://youtu.be/zUwnp5WfbhE
http://projects.noc.ac.uk/exploring-ocean-
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 Figure 1: Concept for a 
swarm of AUVs surveying 
the seafl oor while 
communicating underwater. 

Remotely Operated Vehicles (ROVs) and 

towed vehicles are commonly used for 

hydrographic surveys to provide real-time 

collection of data to be stored and analysed 

on the ship. ROVs are linked to the vessel 

by a neutrally buoyant umbilical cable that 

provides power and a high-rate data link to 

the operator. ROVs have limited autonomy, 

being an extension of the sensor and 

actuator capabilities of the operator who 

sends commands and makes manoeuvers 

through the data link. These 

systems can only be used 

at a limited standoff 

distance 

and require the presence of the vessel in the 

operational area. Also, operations in deep 

water with towed vehicles can be cumbersome 

because of the kilometre-long cables: the 

system used for the search for fl ight MH370 

in the Southern Indian Ocean required an 

8,000m long cable.

AUVs extend and complement the capabilities 

of ROVs: they allow better manoeuvrability 

than tethered solutions and can be operated 

at larger standoff distance. AUVs operate 

below acoustic shadow zones as well as below 

ice and in deep water. At the same time, they 

can carry high-resolution sensors such as 

side-scan and synthetic aperture sonar and 

autonomously optimise their distance from the 

seafl oor.

Furthermore, multiple AUVs can be used in 

parallel, for example in a ‘swarm’ concept, 

to conduct more effi cient and effective 

operations (Figure 1). Applicability for such   

use is currently being investigated in a 

number of EU projects.

Underwater Communications 
Necessity
The use of AUVs has as a direct implication on 

the necessity for underwater communications. 

Communications between AUV and control 

station are necessary to enable the operator 

Autonomous underwater vehicles (AUVs) are a recurrent theme in maritime and offshore applications and 

in particular those involving long and costly data-gathering operations such as hydrographic surveys. 

Challenging surveys like those required for search operations following an aircraft crash in the oceans and 

for mapping oil spills below the ice during Arctic operations demonstrate the need for flexible solutions that 

enable mapping in deep, remote and congested locations. AUVs provide flexibility by cutting the umbilical 

cord to the mother vessel. This implies the necessity for underwater communications and a high level of 

autonomy for the vehicle as well as interoperability between communication devices. This article aims to 

give a general introduction on this subject.

Underwater Communications 
and the Level of Autonomy of AUVs

A Tale of Two Technologies

STEFANIA GIODINI, HENRY DOL AND ERNEST VAN DER SPEK, THE NETHERLANDS
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 Figure 2: Overview of the 
relation between AUV 
required level of autonomy 
and communication 
bandwidth. Less information 
sent to the vessel means 
more tasks being performed 
by the AUV and therefore a 
higher level of autonomy is 
required.

to monitor the progress of the survey and 

the status of the vehicle. Also, in future 

operational concepts that involve the use of 

multiple vehicles for surveying of pipelines 

or monitoring of underwater infrastructures, 

communications between vehicles will be 

crucial. The swarm concept in itself is based 

on the existence of local communications 

between vehicles, to be able to exchange 

relevant information between vehicles and 

produce emergent behaviours.

How to Communicate Underwater
Communications work in a very different way 

underwater than above water. On the surface, 

WLAN and radio communications ensure the 

exchange of large amounts of information 

between vessels and the shore, with small 

delays and losses. These technologies 

cannot be used underwater because they 

are based on electromagnetic waves that do 

not propagate as efficiently in the water as 

in the air. This is due to the intrinsic material 

properties of water, especially sea water, which 

has much higher electrical conductivity than 

air and causes the electromagnetic waves 

to be strongly attenuated. As a reference, 

a signal in a typical WiFi band (2.4GHz) 

would be completely absorbed after a few 

centimetres in sea water, typically 10cm in sea 

water with salinity 4S/m.

Acoustic waves, on the other hand, propagate 

efficiently underwater. An acoustic wave 

originates by the mechanical compression 

and dilation of the surrounding material, and 

its propagation is more efficient when the 

material is more resistant to the compression. 

When an incompressible material is subject 

to a compressional wave, its molecules 

immediately transfer the extra energy to 

their neighbours, effectively propagating the 

compression waves. Therefore, as water 

is much less compressible than air, sound 

propagates significantly faster and further 

underwater, at a speed of about 1,500m/s 

compared to about 340m/s in air.

Acoustic modems use this principle to send 

and receive signals underwater. Underwater 

modems include electro-acoustic transducers 

to receive and transmit sound signals in the 

water by converting electrical energy into 

acoustic energy (transmitting transducers) 

and/or acoustic energy into electrical energy 

(hydrophones). In the most common 

transducers, the conversion of energy is 

achieved by exploiting properties of special 

materials (piezoelectric, magnetostrictive 

or electrodynamic properties) that become 

electrically charged when subject to pressure 

and conversely produce a mechanic strain 

when triggered with an electromagnetic signal.

Challenges
Underwater communication is challenging, 

partly due to the nature of the signal and 

partly to the harshness of the underwater 

environment. The speed of sound in water is 

about 200,000 times slower than the speed 

of light in air and this makes the underwater 

communication link subject to large 

propagation delays and relatively large motion-

induced Doppler effects.

Multipath interference is a common problem 

in underwater acoustic communications, 

especially in shallow water environments. This 

is when the signal reaches the receiver end of 

the acoustic modem via a number of different 

paths, due to reflections with the seafloor and 

the water surface. This creates ‘ghost images’ 

of the original signal that create frequency-

selective interference and degrade the quality 

of the transmission. 

Connectivity dropouts are also a common 

problem due to the existence of shadow 

zones in acoustic channels, which are due 

to variations in the sound speed profile or 

the creation of bubble clouds in the surface 

region.

Furthermore, the bandwidth available in 

underwater communications is severely 

limited by the transmission loss that 

increases with the frequency of the signal. 

This poses serious limits to the amount of 

information that can be transmitted through 

the acoustic link. In particular, long range 

communications systems that can operate 

over tens of kilometres have an effective 

bandwidth of only a few kilohertz. Typical 

data rates for such distances are a few 

hundred bits per second.

Level of Autonomy
Data collected by AUVs are stored in their 

internal memory and will not be available 

to the operator until retrieval of the vehicle, 

Even with sufficient bandwidth, delays make  
it unfeasible to tele-operate an AUV
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 Figure 3: Transmitter wet end of the software defined modem buoy developed by TNO and DMO in collaboration with FFI.

Dr. Stefania Giodini received her MSc in Physics from 
Universitá degli Studi Milano-Bicocca (Italy) in 2006 
and her PhD in Astrophysics from LMU/ Max Planck 
Institut fur Ex. Physik (Germany) in 2010. In 2012, 

she joined the Sonar department at TNO as research scientist 
specialising in Underwater Robotics and Applied Autonomy.

 stefania.giodini@tno.nl

Dr. Henry S. Dol received his MSc and PhD in applied physics 
from Delft University of Technology, Delft, The 
Netherlands, in 1993 and 1998, respectively. He 
joined TNO in 2006 as a scientist and project/

programme manager on underwater acoustic 
communications and sonar applications. 

Ernest van der Spek graduated in electrical engineering 
from The Hague Technical University in 1988. From 
1979 till 1990, he worked at the Technical 
University Delft, and in 1990 joined Defence 

Materiel Organisation as senior programme manager.

because real-time transmission from distances 

larger than about 100m requires a large 

bandwidth that is not available with current 

underwater communication technologies. 

The available bandwidth (<20kHz) allows 

communication of status information, 

positioning and environmental sensor data, 

and interpreted sonar data (e.g. detections) 

but not sonar imaging data (e.g. seafloor 

maps) in real-time.

Even if sufficient bandwidth were available, 

delays in the communication make it 

unfeasible to tele-operate an AUV, in a similar 

way as it is impossible to tele-operate a 

Mars rover. Opponents of autonomy use this 

argument to justify the lack of adaptivity in 

AUV operations.

A different way to look at this is that the 

restriction on information that can be 

transferred to the operator during the mission 

places a requirement on the level of autonomy 

of AUV systems (see Figure 2). To enable 

adaptivity during the mission, autonomous 

underwater systems should to be able to 

interpret sensor data (e.g. autonomous 

mapping, detection and classification) and to 

take decisions accordingly, eventually having 

a human as a supervisor with veto power. In 

other words, an AUV needs to have a high 

level of autonomy.

Interoperability
Underwater communications are an enabler 

for cooperative autonomy with multiple 

underwater vehicles. Future civil and military 

hydrographic applications wish to include 

tasks performed by swarms of robots 

cooperating to achieve a common goal. A 

proof of this is the increasing number of 

European proposals accepted on the subject 

(e.g. FP7 SUNRISE, EDA NECSAVE and 

ECSEL SWARMS). A swarm must be able 

to exchange relevant information between 

vehicles to produce emergent behaviour. 

The challenge is to enable interoperability 

between off-the-shelf platforms. Most of the 

currently available off-the-shelf solutions have 

closed communication stacks which means 

that modems of different vendors cannot 

communicate (easily) with each other. A 

solution is to offer the user a programmable, 

software-defined modem that can use 

different frequencies, modulation schemes 

and network protocols according to the 

needed degree of interoperability.

Smart Solutions
The challenges presented by the underwater 

environment for communications and 

their link to the required level of autonomy 

and need for interoperability between 

communication devices requires smart 

solutions for making autonomy an effective 

player in the future of underwater operations. 

Research technology organisations such 

as TNO are coupling their experience in 

autonomy and underwater technology 

to develop and test applied solutions to 

these challenges. Particularly interesting 

is an ongoing study to increase the level of 

autonomy of AUVs pursued in collaboration 

with NATO STO CMRE, to enable decision 

making based on in-situ collected sensor 

data, see H. Dol and R. Otnes (2015). These 

solutions are mostly focused on military 

scenarios such as mine hunting, but will be 

the baseline for civil applications too. To face 

the challenge of interoperability, a software-

defined modem has been developed by 

TNO and The Netherlands Defence Materiel 

Organisation (DMO) in collaboration with the 

Norwegian Defence Research Establishment 

FFI (S. Giodini et al, 2015) using state of the 

art smartphone technology.

Figure 3 shows the prototype that has been 

successfully tested on autonomous bottom 

sensor nodes (NILUS, FFI). An integrated 

solution within an AUV will be developed in 

the near future. Bringing together these two 

innovation paths, increased autonomy and 

flexible underwater communication devices, 

will pave the way to the future of autonomous 

operations. 

More information 
H. Dol and R. Otnes. How smatphone indusrty made 
ucomms easier: Moore’s law underwater. OCEANS, Genova, 
Italy, 2015. 
S. Giodini, R. van Vossen, A. Duijster, B. Quesson, P. Wessels, 
S. Dugelay, F. Baralli and A. L. D. Beckers. Increasing the 
performance of autonomous minehunting operations, UDT 
Europe, Rotterdam, The Netherlands, 2015. 
F. Le Pennec, C. Gac, H. F. Guarnizo Mendez and C. Person, 
2.4GHz Radio Transmission Measurements in a Basin filled 
with sea Water. OCOSS, Nice, France, 2013. 
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 Figure 1: Australian bluebottle (Physalia physalis). Image courtesy: Matt Smith.

So what is it about bluebottles that 

makes them so special? For a start they 

are comprised of several individual 

interdependent organisms (polyps) working 

in perfect symbiosis. They sport different 

tentacles for different tasks such as fishing, 

stinging, eating and reproducing. They can 

also sail. Yes, you heard that right; bluebottles 

harness the power of the wind by contracting 

the crest of a gas-filled ‘float’ on the ocean 

surface. In other words, bluebottles have 

evolved a degree of autonomy as to where 

they go. Unlike lesser jellyfish, they refuse to 

be at the mercy of ocean currents.

In many respects the bluebottle is nature’s 

ultimate ‘unmanned autonomous surface 

vessel’ and fitting inspiration for the 

painstaking USV design work by the team at 

Ocius Technology. The team regularly sees 

(and feels) these critters close up, being 

based in prime bluebottle territory: the coast 

of New South Wales, Australia. 

 

Design Evolution
With the support of investors, shipbuilders 

Steber International and world class facilities 

at the University of Wollongong SMART lab, 

Ocius founder Robert Dane and CTO Ninan 

Matthews have built an entirely new type 

of vessel right up from first principles of 

hydrodynamics and naval architecture. 

The team has extensive experience from 14 

years of work with renewable energy marine 

propulsion systems. In 1999, Dane, an avid 

Here’s a simple question: What is a bluebottle? Readers living in the temperate north will almost certainly 

think of a large, hairy fly buzzing around just out of reach. But for Australians, a bluebottle brings to mind 

a diminutive blue jellyfish, swarming menacingly off the beaches of the East coast; the cause of many 

hastily-abandoned swims. Australian bluebottles are remarkable creatures and inspiration for a new 

generation of Unmanned Surface Vessels (USVs) coming to market from Ocius Technology. 

Launch of Next-generation 
Wind-powered USV

Jellyfish as Inspiration for Propulsion

ROBERT DANE, NINAN MATTHEWS (AUSTRALIA) AND WILLIAM GREENE, OCIUS TECHNOLOGIES (UK)
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 Figure 3: Ocius USV self-deploying using active electric propeller power only.

 Figure 2: Ocius 2.8m USV manoeuvring using wave & wind energy in moderate winds in Sydney Harbour. 

sailor and former medical doctor, won a solar 

boat race in a vessel he designed himself. The 

company he founded, Solar Sailor, went on to 

patent and install solar sails and hybrid drives 

on passenger ferries around the world. 

The Ocius team has had the additional 

advantage of watching the market in USVs 

emerge and develop for a period, taking 

note of what industry customers really need. 

In business-speak it is called being a ‘fast 

follower’.

Many autonomous USVs have been plagued 

by low speed and manoeuvrability, low power 

and small payload space, rendering them 

largely ineffective as hydrographic platforms. 

As such, ’Power, Payload & Persistence’ has 

been the Ocius mantra throughout the design 

process. But how does that translate in reality?

Harnessing All Energy at Sea
Much like the polyps of a real bluebottle, 

the Ocius USV design uses a combination of 

propulsion systems that harness all renewable 

power sources available at sea: wind, solar 

and wave energy. 

This is abundantly evident from seeing the 

latest thin film marine PV panels installed on 

the deck and the hinged rigid sail for powering 

on-board electronics. 

Rudder mounted wave-oscillators passively 

extract energy from the pitching of the vessel 

caused by ocean waves to provide forward 

propulsion in the direction of the rudder 

heading. The system has some parallels with 

that used by US firm Liquid Robotics but 

here they are fixed to the hull and use expired 

They refuse to be at 
the mercy of ocean 
currents
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Robert Dane
Robert Dane is founder and CEO of OCIUS 
Holdings Limited. Robert invented and patented 
SolarSails in 1996. The prototype won the 

Advanced Technology Boat Race in Canberra in 1997. The 
first commercial vessel won the Australian Design Award of 
the Year. Robert is a passionate sailor and an Intel 
Environment Laureate. This year Robert was honoured to be 
awarded the WWF future maker’s award.

William Greene
William Greene heads up Ocius’ European 
business development activities across the 
hydrographic, defence and offshore energy 
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experience with leading energy advisory firms. 
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Ninan Mathew has a Master’s degree in 
Mechanical Engineering with Distinction from the 
University of Wollongong. He worked as a 

research engineer for several ARC projects during his 
studies at UOW and has a number of publications to his 
name. Ninan brings his expertise in Computational Fluid 
Dynamics (CFD), Finite Element Analysis (FEA), 3D 
modelling, project management, machine design and 
several other niche areas for which he has been teaching at 
the university for the past four years.

 Figure 4: Ocius 2.8m USV manoeuvring in heavy winds in Jervis Bay, NSW, Australia. 

Norwegian patents with additional patents 

pending.

Finally, the elegant, stowable rigid opening 

sails are what really set this vessel apart. 

Coated in yet more thin film PV, they collect 

both solar energy and the wind, using 

traditional sailing to propel the USV, increasing 

the speed, endurance and stored power of the 

platform.

High and Low Available Natural Power
Autonomous sailing is simpler than it sounds. 

Autopilots on yachts have been around for 

decades, so Ocius has adapted some of that 

technology, integrating it with the navigation 

system. Also, the flat opening shape of the 

sails means the vessel does not have to tack 

or gybe in the traditional manner and gives it 

a large surface area, perfect for catching the 

wind and the sun. 

All in all, the bluebottle can achieve a 

‘meaningful speed of advance’ of 2 knots 

in almost all conditions by harnessing the 

environmental forces acting upon it. 

In conditions over Beaufort 5 the vessel folds 

the sail down onto the deck and presents 

‘like a cork’ in the sea using its rudder/ wave 

oscillator to passively harness the energy of 

the ocean as the vessel ‘pitches’ and ‘rolls’ 

to drive it forward and maintain a heading at 

a safe distance from a ‘lee shore’ to ride out 

the storm. With its centre of gravity below its 

centre of buoyancy it is always self-righting.

In the worst case scenario, if the sun does 

not shine and the wind does not  blow, the 

bluebottle has 3 to 5 days system power 

stored in batteries, which act as useful 

ballast. The batteries power the vessel via its 

propeller at up to 2 knots for 24 hours or give 

kilowatt bursts for short periods. There is even 

space for an optional methanol-hybrid fuel 

cell for use in highly energetic waters or in 

emergencies.

Payload Bays 
Like the bulbous bluebottle jellyfish, the 

40 litre/40kg customer dry payload space 

afforded by the 2.8m bluebottle design is 

sufficient to install a variety of customer-

specified sensors, surveillance and comms 

systems. 

A 10kg/10l ‘wet’ payload bay in the keel offers 

added space for oceanographic sensors 

and the hull is designed by Stebercraft 

International to be strong enough to attach 

a high-resolution MBES. Sea trials with an 

affixed MBES have been successful even with 

the vessel at sail, where heeling is kept to a 

minimum due to the deep hull design. 

The aim is to be able to accommodate 

most/any hydrographic gear and computing 

power required for sustainable and indefinite 

mapping without adding fuel cells or  

fossil fuel. 

Conclusion
The bluebottle system has proven its 

capabilities as a way of propulsion and it 

is ready for market as a highly effective 

long-term marine sensor, surveillance and 

towing platform. Ocius is confident it will 

see service across the world’s oceans and in 

various industries. The bluebottle will come 

in three different sizes to meet the needs 

of our customers beginning with the 2.8m 

oceanographic version. Yes it is a cliché but 

the company is calling this one Nemo. 

Autonomous sailing is 
simpler than it sounds

More Information
Ocius’ Nemo USV going through its paces in Australia 
https://www.youtube.com/watch?v=xdiBbEQOMOA&spfre
load=10

mailto:william@ocius.co
https://www.youtube.com/watch?v=xdiBbEQOMOA&spfre
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 Figure 1: A typical vessel route for  
calibration of a LBL positioning system.

A typical LBL underwater acoustic positioning 

system uses an array of at least three seafloor-

mounted transponders that form the system’s 

baseline. Before putting the system into 

operation, these baseline nodes are carefully 

located in absolute coordinates. When the 

system is operational, baseline transponders 

respond to acoustic interrogation signals from 

the target transceiver, which then calculates 

distances between itself and each transponder 

of the baseline array to derive its position. 

LBL positioning systems offer great accuracy, 

independent of depth, but require the extra 

steps of deploying the baseline around the 

work site and performing system calibration to 

establish absolute coordinates of the baseline 

nodes. The calibration procedure involves 

sailing a vessel with an acoustic transceiver 

and a DGPS receiver over the deployed 

baseline array to test acoustic connection 

to baseline transponders and establish their 

positions on the seabed - which can turn out 

to be too time-consuming and costly for some 

applications (see Figure 1).

As EvoLogics from Berlin, Germany, was 

preparing for demo-sessions of its LBL 

positioning system at MTS/IEEE OCEANS’15 

Conference and Exhibition in Genoa, Italy, the 

company’s 

experts 

discussed the 

usual challenge faced at 

an industry event: the equipment 

had to be deployed and set up as quickly and 

efficiently as possible. System deployment, 

calibration, testing and demonstration - all 

had to be performed within two hours. 

This is when the idea was born to use the 

company’s Sonobot USV, primarily intended 

for bathymetric service providers, to perform 

some of the tasks involved in LBL system 

demonstration.

The site at the Genoa harbour was well-sized 

to try out the new system configuration, and 

existing components of the EvoLogics LBL 

system and the Sonobot vehicle required  

only minor modifications, so the team  

decided to go through with the idea.

Main Considerations
The main concept of using a USV as aid 

for an LBL acoustic positioning system is to 

streamline, simplify and automate the logistics 

The market of unmanned surface vehicles (USVs) is expanding, with more and more remotely controlled 

and autonomous USVs becoming available as commercial products. While environmental monitoring and 

data collection remain the primary target for lightweight USVs, 

EvoLogics recently tried out a rather untypical, but very 

promising approach for using its Sonobot: the 

vehicle turned out to be well suited for 

calibration and testing of long-baseline 

(LBL) positioning systems, opening a 

wide range of new applications.

Unmanned Surface Vehicle 
as Aid for LBL Positioning

EvoLogics Explores New Applications for its Sonobot USV

MARIA PLESKACH, EVOLOGICS GMBH, GERMANY
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 Figure 2: EvoLogics Sonobot 
USV system.

involved with calibration and testing the 

system before putting it into operation.

Deployment of baseline nodes does require a 

vessel to transport them to the work site and 

sink the transponders around the perimeter. 

After deployment, the vessel is needed again, 

as system calibration requires another trip 

around the perimeter, this time circling around 

and across the work site to establish acoustic 

communication with baseline transponders 

and locate them in absolute coordinates.

For calibration of an LBL system, the vessel 

must be equipped with a highly-accurate 

DGPS receiver to ensure most accurate 

calibration results and, hence, the LBL 

system’s future performance. An acoustic 

transceiver, compatible with deployed baseline 

array, must be installed on the vessel to 

establish acoustic communication to the 

baseline nodes and calculate the distances 

between these and the transceiver. The DGPS 

system and an acoustic transceiver on board 

the vessel must be interfaced with a PC 

running positioning software that performs 

data fusion and calculates geographic 

positions of the baseline nodes.

Basically any vessel of appropriate size is 

suitable for deployment of the baseline array. 

However, in many cases, the vessel used for 

deployment is not outfitted with the equipment 

necessary for calibration of the system.

EvoLogics engineers came to the idea, that 

testing and calibration of the baseline array 

is exactly where an USV can ‘step in’, taking 

over most of the tasks from the vessel, which 

would no longer require additional equipment 

installations and all the extra manoeuvring 

involved in LBL calibration.

USV for Calibration of LBL Systems
The Sonobot, a stable twin-hull catamaran 

craft, already met most technical requirements 

to perform calibration of an LBL system: 

the vehicle was initially developed as a 

lightweight solution for hydrographic surveys. 

It is designed to deliver geo-referenced 

bathymetric data, as well as provide a 

real-time wireless connection to the station 

onshore for data acquisition on-the-go as 

depicted in Figure 2. The Sonobot is equipped 

with a DGPS receiver and can operate either 

over remote control or autopilot, following a 

survey grid programmed with the vehicle’s 

control software. 

The team decided to undertake as few 

modifications as possible to incorporate the 

USV into the LBL system: they added an 

acoustic transceiver to be towed behind the 

Sonobot, and over its WLAN, configured the 

wireless connection between the transceiver 

and a PC running positioning software 

(SiNAPS), see Figure 3.

We used a small inflatable boat to deploy four 

baseline nodes and returned to the shore to 

initialise the software and launch the Sonobot. 

The vehicle was steered towards the ’work 

site’ and made a run to each transponder 

Testing and calibration of the baseline array is 
exactly where an USV can ‘step in’, taking over 
most of the tasks from the vessel
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 Figure 3: Sonobot USV 
for calibration of a LBL 
positioning system.

Maria Pleskach graduated from the National Technical 
University of Ukraine  ‘Kyiv Polytechnic Institute’ 
(UA) with a degree in Underwater Acoustic 
Engineering. She is currently employed by 

EvoLogics GmbH, Germany, as senior technical writer and 
content manager. Her previous experience includes 
technical writing for Kiev State Scientific Research Institute 
of Hydrodevices, freelance journalism and graphic design. 

  maria.pleskach@evologics.de

performing a quick acoustic communication 

test. For subsequent calibration, the USV, again 

on remote control, travelled along a path around 

and between the deployed transponders while 

the team observed the progress onscreen, as 

data was transferred from the USV over WLAN. 

Figure 4 shows this setting.

After calibration, the team demonstrated the 

LBL system’s performance using the USV as 

a mobile target, again manually steering the 

vehicle within the area: for visual comparison, 

the software displayed position fixes, 

estimated by the LBL system, along with data 

from the DGPS receiver. 

During the session, conditions were very 

favourable (1-2Bft) with calm waters and an 

occasional light breeze. Maximum limits of 

wave and wind conditions for USV-aided LBL 

calibration would require further investigation.

Future Prospects
Using a USV within the infrastructure of a 

LBL positioning system proved to be a very 

promising application of the vehicle. During 

the demo-sessions in Genoa, the team was 

able to save time and cost, only using a large 

vessel to deploy the system and retrieve the 

transponders after the mission. The USV could 

perform calibration and testing of LBL systems, 

deployed at larger work sites in open water, 

as it can be launched from the support vessel 

and operate for over 10 hours on one battery 

charge.

Looking at potential commercial applications, 

we plan to work on better integration of the 

hardware to incorporate an underwater 

acoustic modem into the Sonobot and perform 

further testing on automating LBL calibration 

by using the Sonobot’s autopilot. Software 

integration would potentially allow planning the 

route and executing a Sonobot mission within 

the LBL positioning software environment. 

 Figure 4: Sonobot USV during LBL calibration in Genoa, Italy.

mailto:maria.pleskach@evologics.de
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 Figure 1: The Z-Boat 1800MX operating in the restricted waters of Capitol Lake.

From their Sediment Management and 

Marine Sciences office in Seattle, WA, 

NewFields has been investing in USV 

research and development to expand 

services and client relationships for their local 

consulting and engineering offices throughout 

the USA. In 2014, the Seattle office acquired 

the Teledyne Oceanscience Z-Boat 1800 

equipped with a dual frequency, single-

beam echo sounder. When the challenges 

presented by the Capitol Lake setting required 

specialised sonar, they turned to the expertise 

of a locally-based and well-recognised 

manufacturer of aquatic habitat and 

fisheries echo sounders, BioSonics, Inc. In a 

collaborative effort, the NewFields USV was 

reconfigured with a sonar payload optimised 

to detect and differentiate submerged 

vegetation from the true bottom.

Unique Setting
Capitol Lake is a man-made body of water 

and prominent feature of downtown Olympia, 

Washington. Located on the State Capitol 

campus, it is fitting that the lake is also the 

focal point of a divisive environmental policy 

issue that has dragged on for decades. The 

lake was created in 1951 when the State 

administration implemented a campus 

improvement plan which included the 

damming of the Deschutes River and tidal 

estuary to form a reflecting pool for the Capitol 

Building. Poor water quality has plagued the 

lake since its creation, and management of 

the 35,000 cubic yards of sediment delivered 

by the Deschutes River every year has 

become increasingly expensive, leading to a 

vigorous debate of whether or not to remove 

the dam and restore the estuary.

Most of the sediment delivered by the 

Deschutes is captured along the middle 

stretch of the lake, which has previously been 

dredged to trap sediment. The sediment 

has recently been determined unsuitable for 

release to the natural environment, adding 

complexity and cost to dredging. With the 

sediment trap at capacity, more material is 

expected to reach the ~100 acre North Basin 

(Figure 2). Regular bathymetric survey data is 

needed to understand the volume and spatial 

extent of sediment deposition in the basin; 

There  are settings where an unmanned survey represents more than a safe, cost-effective alternative; it may be the only 

option. Capitol Lake in Olympia, WA, USA, is such a location. In this article, we report on a recent survey that highlights 

the advantages offered by an unmanned platform operating in a highly public, environmentally sensitive setting. 

Robust Data in Sensitive 
Environments

Cutting the Red Tape without Cutting Corners 

PRESTON MARTIN NEWFIELDS; ADRIAN MCDONALD, TELEDYNE OCEANSCIENCE AND ERIC MUNDAY, SUBSEA 20/20, USA
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 Figure 4: Comparison of 2004 & 2015 digital elevation models (DEMs) 
highlighting areas where vegetation interfered with accurate soundings. 
Differencing the DEMs shows a general shoaling trend outside vegetated areas, 
with the circled (black) region exceeding 20cm of deposition. 

 Figure 3: Shaded-relief digital elevation model of Capitol Lake and receiving 
waters, with soundings and 0.5m elevation contours (NAVD88). Inset contains 
location of actual survey data points symbolised with Visual Habitat bottom-type 
classification.

 Figure 2: Capitol Lake survey area and vicinity.

however, the recent infestation of a high-

risk invasive species has introduced a new 

challenge for researchers.

In 2009, the New Zealand Mud Snail (NZMS) 

was found throughout the Capitol Lake basin. 

The tiny snail is extremely difficult to eradicate 

and is easily transported between lakes and 

streams on the boots and boats of fishermen 

and scientists alike. To contain the infestation, 

access to Capitol Lake and the shore has been 

prohibited. This has consequently limited 

research intended to address the multitude 

of problems plaguing the lake, including 

sediment management and water quality. 

Survey Equipment 
The Z-Boat operated by NewFields is a 1.8m 

vessel with dual 24V electric thrusters, dual 

antenna GNSS, and a 40kg payload capacity 

which can accommodate several different 

sonar systems. Originally designed for high 

speed operation in flooding rivers, the 10kt 

survey boat offers a stable platform for 

surveying inshore environments such as ponds, 

lakes and reservoirs. With a hand-held remote 

control unit and laptop, the operator is able 

to navigate and view data acquisition in real-

time through a high-bandwith 5GHz wireless 

Ethernet connection capable of transmitting 

over 1km. Navigation along pre-determined 

survey lines can also be automated by adding 

an optional control module. 

The engineers at BioSonics reconfigured the 

NewFields Z-Boat to match the specs of the 

turn-key Z-Boat 1800MX using HYPACK for 

survey line navigation. The MX echo sounder 

with 204.8kHz, 8.5° single-beam transducer 

is optimised for plant detection and substrate 

classification in addition to bathymetric data 

collection with an accuracy of +/- 2cm.  

Visual Acquisition software installed on the 

shore laptop is used to control the MX and 

data logging. 

Survey Design
An important objective of the survey was to 

compare with an existing US Geological Survey 

(USGS) dataset. In 2004, the same area had 

been surveyed using a personal watercraft 

outfitted with a 200kHz single-beam echo 

sounder. At that time, patches of submerged 

aquatic vegetation (SAV) could be seen beneath 

the surface of the lake, and made it impossible 

to determine the true bottom for several areas.

 

The original USGS survey lines were used for 

mission planning. Each planned line was split 

so that transects would cover about ½ the 

distance across the lake. Using this method 

allowed for an efficient, controlled transition 

between survey lines in open-water. Geodetic 

control was established by relating the lake 

water level to a physical monument measured 

on the seawall. Elevation of the physical 

monument was surveyed using the iGage X90 

OPUS antenna, utilising the precise National 

Geodetic Survey OPUS post-processing service.

 

A survey work plan was emailed to the State, 

which included deployment and recovery of 

the Z-Boat 1800MX from an elevated seawall. 

Avoiding the muddy shoreline significantly 

cut the decontamination steps required to 

conduct the work, and played a large part in 

having the low-impact work plan approved by 

multiple agencies in less than 2 weeks.
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 Figure 5: Comparison of 2004 & 2015 bathymetry along the transect drawn in Figure 4. 
Sharp relief in 2004 is interpreted to be an artifact of dense vegetation coverage at the time of 
survey. In contrast, the MX data file displayed in the bottom panel was used to identify 
vegetation and substrate type for the 2015 survey using BioSonics Visual Habitat software. 

Acquisition & Post-Processing
Under calm, clear skies on 17 April 2015 

the 6hr survey covered more than 20km 

with minimal cross-track error. Thrusters 

and rudder trim were adjusted to maintain 

a consistent ~5kph survey speed and true 

course throughout the day. Ground control 

GPS data were recorded for 5hrs during the 

survey to generate an OPUS solution with 

vertical position accuracy of +/-1cm.

The MX data files were processed with 

BioSonics Visual Habitat software, which 

provides information about the location and 

quantity of submerged vegetation, substrate 

types and bathymetry. Visual Habitat utilises 

a proprietary algorithm to generate a bottom 

track based on user defined signal level 

threshold and echo characteristics. A separate 

algorithm – matched to the vegetation type 

- is used to generate the plant canopy line. 

Substrate classification is based on a principal 

components analysis resulting in delineation 

of distinct substrate area based on the relative 

hardness or smoothness of lake bed. 

The Visual Habitat results were exported 

in a format suitable for viewing in Google 

Earth to generate preliminary maps for 

quick assessment. Data were then exported 

in table format and loaded into QGIS, an 

open-source geographic information system 

(GIS). Corrections were then applied to each 

record based on timestamp to translate depth 

to NAVD88 while accounting for variation 

in the lake level. A triangulated irregular 

network (TIN model) was generated from the 

bathymetry data and converted to a raster 

grid. The result was a 2 metre resolution 

digital elevation model (DEM) which could be 

used to create a shaded bathymetric map and 

facilitate volumetric computations (Figure 3). 

Uncompromised Results
Results of the Capitol Lake survey were 

directly compared to the 2004 survey. Areas 

where submerged vegetation obscured the 

bottom were obvious when comparing the 

transect data and the DEMs from the two 

surveys (Figures 4 and 5). The echo sounder 

used in the 2004 study was limited to a serial 

data feed of digitised soundings only. Those 

soundings were post-processed (filtered) to 

remove plant artifacts, leaving high uncertainty 

in areas of dense vegetation. The raw acoustic 

data captured by the MX echo sounder was 

essential for determining an accurate depth 

in this setting, and distinguishing between 

plant canopy and the true bottom. It follows 

that comparing the plant data from the 2015 

survey shows a similar pattern as the irregular 

contours from the 2004 survey. Results of the 

bottom-type analysis are presented along with 

bathymetry in Figure 3, and reveal a pattern 

that correlates with the general morphology 

of the former river channel and current lake 

basin. Sediment cores collected from the area 

in 2005 suggest that the patterns are likely 

driven by distinct spatial patterns in grain size. 

Lessons Learned
Settings such as Capitol Lake demonstrate 

some of the advantages of utilising USVs for 

inland or nearshore applications. With the 

Z-Boat 1800MX as an example, a stable and 

reliable platform is key to transitioning from 

the test-tank to the real world. Commercial 

users of unmanned technology, such as 

NewFields, can easily add unmanned surveys 

as a versatile complement to existing client 

services. And with the growing market, more 

manufacturers are designing instruments with 

compact electronics and housings that are 

compatible with the power and size limitations 

of USVs, ROVs and AUVs. Building on the 

success of the Z-Boat 1800MX platform, 

BioSonics is currently working to integrate 

their split beam DT-X echo sounder into the 

Z-Boat for fish stock assessments in remote 

areas, and offer the MX system in a more 

compact geometry for ROV/AUV applications. 
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 Figure 1: Roberto Linfante, founder of Gabri S.r.l.

Gabri S.r.l. is a company located in Genova, Italy, whose trade is in the AUV market. The company aims to set  

a new quality standard for the autonomous underwater vehicle market with its brand new project, Seastick.

GABRI S.r.l.

Mission Towards  Multirole 
Underwater Concept

Gabri S.r.l. was founded in 2004 based 

on the experience in the ROV field of its 

CEO, Roberto Linfante, who is one of the 

pioneers in the underwater vehicles field, 

with over twenty years’ experience. Initially, 

the company was composed of the CEO and 

a few colleagues, but over the years it has 

grown bigger and bigger. His dedication to his 

project led the company to win the first prize 

in the Toradex Embedded Design challenge 

2014 by introducing Seastick to the world.

Gabri is now more confident than ever to 

“have the strength and enthusiasm, but most 

of all the will, to make our dream come true”, 

as Linfante says.

Setting a New Standard
As mentioned earlier, Gabri’s mission is to set 

a new quality standard for the AUV market 

by making a new AUV equipped with cutting 

edge technology.

Although AUVs are the company’s main 

business, every aspect of marine technology 

has Gabri’s attention. The company’s 

ambition is driven by the desire for innovation. 

Everything Gabri S.r.l. makes is designed to 

be an innovative piece of technology, which 

is  why Gabri’s staff is so diversified. Gabri’s 

headcount is currently  9 people, from 

different fields of expertise: from engineering 

to computer science and from marine biology 

to electronics.

Modularity
Gabri’s aim is to make use of the Seastick’s 

modularity and flexibility, thus focusing on 

both the civil and the military market. The 

Seastick includes three sections: bow, stern 

and main body, the design of which allows for 

customisation. Battery and other components 

can easily be replaced, even during a mission. 

Thanks to its modularity, Seastick can be 

operated in almost every field of use in the 

marine environment as it can be equipped 

for mining and oil & gas research, it can be 

configured as an anti-mine device or can be 

configured as a vector for scientific research 

sensors. The reason why a multirole AUV like 

Seastick is thought to have a huge impact 

on the whole world of maritime technologies 

is, according to Roberto Linfante, that “the 

market offers an ever growing interest in 

intelligent systems that will not replace 

humans but will just support them in their  

job, most of all in dangerous environments.”

With over eight dealers throughout the world, 

Gabri is confident that it will make its product 

known and more appreciated than other AUVs.

Payload Options
The Seastick has a variety of payload options 

for hydrographic and oceanographic survey 

missions. As standard, all Seasticks are 

equipped with Doppler Velocity Logger, side-

scan sonar and a CTD. Optionally, sensors 

like obstacle avoidance sonar, interferometric 

sonar or a multibeam echo sounder can be 

added to the device as well as an acoustic 

modem, LBL or USBL positioning system, 

sub-bottom profiler or ADCP, hydrophone or 

other instruments on request.

Just in Time Production
Its Just In Time (JIT) production process 

allows the company to reduce the time spent 

during the production of its product as well 

as the response times from suppliers and to 

customers.

The JIT strategy, added to the possibility of 

making custom parts for its vehicles, allows a 

great flexibility in the manufacturing process 
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 Figure 4: Seastick AUV returning for recovery.

 Figure 2: The team deploying the Seastick.

of every Seastick and a genuine and unique 

quality to all of Gabri’s products.

Looking Forward
Gabri’s future currently looks very bright and 

its employees are very positive, as confirmed 

by Linfante’s words “We will be the first 

company on the global market of multirole 

vehicles. We decided to be the first to be 

able to design and build vehicles on user 

specification and we will succeed.”

The development of Gabri’s technology gives 

us a glimpse in a future where Seastick could 

possibly be spread around the globe. The 

company is going to expand and enhance 

the research department in order to develop 

and realise its new projects and improve the 

already existing one. 

Products like Seastick, and Gabri’s future 

projects, are to earn a place and recognition 

in this ever-changing global economy. These 

projects are oriented towards current hot topics, 

like ecology, gas and oil research, and will fit in 

with the supposed market demands of the near 

future. According to Gabri’s expectations, the 

market for maritime underwater technologies 

will establish itself more strongly over the next 

few years, and the company is prepared to 

take advantage of this development in order to 

become the company with the most updated 

technology. 

If confronted with the question “what are 

your goals for 2015 and the next five years?” 

Gabri staff’s vision is pretty clear and oriented 

toward the next two years: they are motivated to 

become the paragon of excellence in the  

fields of AUV, making Seastick the best 

autonomous underwater vehicle available in the 

whole world. 

The market for maritime under-
water technologies will establish 
itself more strongly

More information  

www.seastick.it

 Figure 3: Seastick in operation.

http://www.seastick.it/
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 Figure 1: VideoRay ROV with Blueview Imaging Sonar.

Many Tasks in Many Shapes and Sizes

ROVs as Versatile  
Workhorses
The concept of ROVs does not seem to change too much over time. Basically, they are self-propelled 

instruments working in deep waters up to about 6,000m that are linked to a vessel-based controller. This 

distinguishes them from AUVs that move underwater without a tether to a vessel. As with any other machine, 

they are available in many shapes and types, evolving over time. With a hydrographer’s eye, we give an overview 

of the varieties available and the direction in which ROVS are moving.

ROVs are available in different classes, 

which as such point to their main use. 

Observational, light work and work class are 

well-known and describe their duties quite 

accurately. The observational class sometimes 

also features further differences, for instance, 

micro, eyeball and fly-out. The first two 

indicate size (an eyeball ROV is generally 

a smaller ROV mainly containing a camera 

for observations). The fly-out is a category 

further developed by AC-Cess where the 

ROV is hosted by a larger ROV (for example, 

inspection or work class), and launched 

closer to the job to be an extra pair of eyes on 

the job or to enable operators to see the job 

Just grab the smaller ROVs, go to the place 
and see the results themselves

from a different perspective. It can also be 

used to inspect places that are too small for 

the larger ‘mother’ ROVs.

Compact ROVs and Sonar Payload
The main developments appear to be found 

in the category of the smaller observation 

class ROVs like the AC-Cess, Deep Trekker 

and VideoRay products. Their size enables 

them to excel in accessing smaller areas 

and they can operate in confined spaces 

or shallow water. Traditionally, their video 

cameras or imaging sonar were their main 

asset. The video camera is ideal for showing 

the conditions of constructions, coatings, 

undersea equipment or environmental 

characteristics – i.e. visual inspections. 

Imaging sonar is useful for creating an image 

of constructions or establishing positions or 

objects in deeper waters or when visibility is 

limited. However, as they are more readily 

available in compact sizes, sonar equipment 

like side-scan sonar or even multibeam sonar 

can also be integrated and used to map or 

inspect shallow waters, breakwaters and 

constructions. Deep Trekker, for example, 

is versatile and can be equipped with USBL 

positioning, thickness gauges, CP and CO2 

probes.

Their sizes make them popular in science 

for observations. Where in some cases divers 

make observations and interpret them, 

scientists can just grab the smaller ROVs, go 

to the place and see the results themselves. 

This is something that scientists use for 

habitat mapping, however, it also applies 

to maintenance duties like underwater wall 

inspections, water outlets at hydropower dams 

or shipwreck surveys.

Observation Class Adopts Diver Tasks
Whereas the compact ROVs are mainly 

dedicated to observations and inspections, 

observation class machines have fewer 

size constraints. They can house more 

powerful thrusters for propulsion and have 

more space for payload. There is a variety 

of sensors like side-scan sonar, multibeam 

sonar, video cameras and heavier 

equipment such as ADCP. They can also 

be mounted with sampling systems. The 

very confined spaces are not a place where 

they are likely to operate but they are still 

capable of accomplishing a versatile range 

of duties. They take over some of the divers’ 

tasks: they can make their observations in 

dangerous areas (strong currents, polluted 

waters or very limited view). Mapping of 

dams and hydropower plants with strong 

and changing currents can easily be 

done with these types of ROVs. Their size 

allows the ROVs to access environmentally 
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 Figure 3: Saab Seaeye Leopard, an example of a work class ROV.

sensitive areas as well. Small does not 

always have to be a limiting factor as 

Teledyne Seabotix mentions - ROVs have 

been used for cable inspections in the oil & 

gas industry, lasting for 27 hours in currents 

up to 0.7knots and waves of 3m. 

The advantage of these observation class 

ROVs is their small footprint in the water, 

but also on vessels they require less space 

compared to full diving support equipment. 

Some of these ROVs still do not need a 

launch and recovery system (LARS) adding 

to the flexibility of mobilisation. The US Navy 

is using the Outland 1000 and 2000 ROVs 

as they can be launched by hand and are 

still capable of having a versatile payload like 

multibeam and tracking. Apart from saving 

space, it is also cost effective as ROVs can 

complete the tasks faster than divers. In 

general, fewer staff are required for ROV 

operations.

As this type of ROV is still relatively light and 

has limited space for thrusters, environmental 

conditions such as strong and changing 

currents may be a limiting factor in using 

observation class ROVs and the heavier and 

more powerful work class ROVs would need to 

be chosen.

Work Class - Less Focus on Survey
The bigger horses are the workhorses and 

so are the work class ROVs. Their size allows 

them to be equipped with a higher number 

of and more powerful thrusters, to withstand 

strong currents and to have advanced 

equipment as payload. In addition to the 

sensors and tooling of observation class 

ROVs, the bigger work class ROVs add CTDs, 

sampling equipment with more capacity. 

They are used in the oil and gas industry for 

maintenance jobs with a wide array of tools, 

including manipulators, cutters, water jets 

and grinders. The work class ROVs can be 

precisely positioned and are more stable 

than the lighter observation class ROVs. For 

scientific purposes, they are suited to work 

in difficult conditions, like very deep water. 

Their size allows them to be equipped with 

redundancy systems that take over when 

parts break down or are damaged. Saab 

Seaeye mentions use of sampling from 

seamounts off Portugal and analysing sea ice 

algae in Antarctica.

Cost Efficiencies
As mentioned earlier, the use of ROVs can 

be more cost efficient compared to divers. 

Bibby HydroMap mentions that both the oil 

and gas industry and renewables are looking 

for cost efficiencies. In the operational side, 

there is a trend towards the use of ROVs for 

shallow-water depth cable burial rather than 

divers. This is challenging work with few 

options available making an ROV an attractive 

alternative.

Another development for pipeline surveying 

has been developed by the Swedish survey 

company MMT and Kyst Design. Their 

challenge was to accomplish pipeline surveys 

 Figure 2: Outland 1000 observation class ROV.
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both precisely and cost effectively. For this 

type of job, AUVs are often used, however, 

they were not meeting all MMT’s criteria. 

They developed an ROV equipped with an 

ultra-high resolution multibeam (Kongsberg 

EM2040 Quadro), two inward tilted laser 

systems allowing it to fly 5m over a pipeline 

and achieve precise mapping of the pipe at 

high speed (double compared to traditional 

ROV surveys). The Interceptor Surveyor, as 

the ROV has been named, can also make 

videos, sub-bottom profiles and still images 

with high positioning accuracy, high resolution 

and at high speed (up to 6kn). First tests have 

achieved more than 50% time savings and 

75% time saving on post-processing and  

a higher quality imagery compared to  

previous work.

AUV More Attractive for Surveying?
For surveying, there is a strong case for the use 

of AUVs. AUVs share many characteristics with 

the ROV – however they are not connected. 

The AUV should be more flexible in operation 

and Bibby HydroMap mentions this aspect. 

One of the advantages of the ROV above the 

AUV for some survey projects may be the 

fact that there is a direct link with the surface 

vessel where the survey data can be seen in 

real time. This is one of the time gainers for 

MMT in the application mentioned above. 

The AUV is not yet capable of depth of burial, 

taking samples and similar tasks – they can 

just survey the seafloor using sonar, ADCP, 

CTD and other payloads.

An AUV is also pre-programmed so if there 

is a particular observation during a survey, it 

only can be seen when the data have been 

unloaded from the device and processed. The 

live link with ROVs facilitates immediate action 

or a refocus on a discovery, thus saving time.

The hybrid option that solves this issue is a 

development by ISE. Their control systems 

manage their ROVs as well as their AUVs – for 

example leading to the development of a multi-

vehicle docking station.

Conclusion
ROVs are versatile in their use, even though 

AUVs seem to be the more attractive solution 

for surveying as they are free-swimming. 

Looking at the mini observation ROVs, their 

attraction increases with the reduction in 

size of (multibeam) sonar systems, making 

them easy to handle for small teams and 

still returning valuable data, especially from 

shallow water. New developments lead to 

increased speed and dedicated solutions 

for applications such as pipeline surveys, 

where the direct link with the surface vessel 

proves to be an advantage over an AUV, 

where data is only available once it has been 

downloaded. 

 Figure 4: MMT’s Surveyor Interceptor has been developed for pipeline surveys.

Some of these ROVs still do not need  
a launch and recovery system (LARS)

This article was originally written for,  
and published in, Hydro International, 
March 2015.
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