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Abstract. In this extended abstract we give a brief introduction into
the particular research environment in Newfoundland. We describe our
research focus in the field of marine robotics, in particular underwater
gliders and unmanned surface vessels followed by an outlook into possible
future research directions. Our current research in underwater glider and
unmanned surface vessel development is directed towards an integrated
system.
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Introduction and Background

Over the last 4 years we have established the Autonomous Ocean Systems Laboratory (AOSL) at Memorial University of Newfoundland (MUN), St. John’s,
Newfoundland and Labrador, Canada. The objective of our laboratory is to develop, test and operate autonomous and remotely controlled unmanned marine
systems and subsystems for the harsh environments of the North-West Atlantic.
This unique location, with its severe challenges also bears great opportunities for
us to develop systems in close collaboration with potential users and operators. In
addition St. John’s is home to several world-class research facilities which allow
us to develop, characterize and test systems in controlled laboratory environments prior to deploying them in the open ocean year around. These facilities
include the National Research Council Canada Ice tank, off-shore engineering
basin and a 200m tow-tank. The university’s Marine Institute houses one of the
largest flume tanks in the world and is operating a small fleet of research vessels
out its Marine Base in Holyrood, Newfoundland. All of these facilities are within
a 30 min drive from each other, most of them within walking distance from our
laboratory. In addition to those necessary elements to run a successful research
program in marine robotics it is a stated focus of the Provincial Government of
Newfoundland to foster growth of the ocean technology sector, i.e. funding. All
these factors set the stage for an successful applied research program in marine
robotics with a direct link to applications in the off-shore industry and ocean
sciences.
The gap we have identified is the issue of a conservative user base and a development gap from laboratory test and research deployments to an operational
readiness level. The users have to be convinced that the technology is useful and

viable in their operational regime. This applies not only to commercial operators
but also to some of the more classic science users. In terms of development cycle
these poses a significant challenge since a majority of funding opportunities are
tied to an enduser and a commitment (in-kind and cash) from their side. As a
result it can lead to funding that will be available once the technology has been
demonstrated. The other important factor is that often university projects will
not get to the technical readiness level (TRL)[6] that is required by operators to
be even considered.
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2.1

Technical description of our research
Underwater Glider Research

The initial focus of the AOSL was on the operation of underwater gliders in the
challenging coastal environments of Newfoundland [1] and in North-West Greenland [2]. These deployments highlighted the strengths as well as the weakness of
the glider systems for our regions. Following these initial campaigns we focused
improving operational and sensing capabilities of the gliders, with a particular
focus on long endurance and robustness. A part of our research focus was geared
towards sea-ice thickness measurements and iceberg profiling. As a result we
successfully integrated and tested an upward looking single beam ice-profiling
sonar, we are currently evaluating alternative sonar types, such as multi-beam,
scanning beam, ... in terms of power consumption, data quality and coverage.
Besides the need for additional sensors, our deployments in Greenland showed
the need for the vehicle platform to move horizontally as well as the typical
glider sawtooth profiling trajectory. This need has lead to the development of
a hybrid propulsion module [?]. The hybrid propulsion module is an add-on
to a standard Teledyne Webb Slocum electric glider. It allows the operator to
engage a low power thruster in order to fly horizontally or to add forward thrust
to the buoyancy driven glider. The propulsion system was optimized such that
its efficiency matches the efficiency of the standard glider buoyancy engine at
its nominal horizontal speed of 0.3m/s. As part of this research we developed
depth and altitude controllers using the existing hardware with its limitations
on power consumption and actuator response time. Figure 1 shows the hybrid
configuration with additional sensors.
As part of our glider research we have developed an integrated wing-tip
actuator [4] for active roll control. In conjunction with an internal lateral mass
shifter the wing tip actuator can be used for directional control, i.e. banking
turns and in order to reorient sensors.
2.2

Unmanned Surface Vessel Development

Over the past two years we have been developing an experimental test-bed for
our research in unmanned surface vessels, Fig.2. Since the vehicle is going to
be used around our Marine base and to be tested under various environmental

Fig. 1. Slocum glider with NACA0012 carbon fibre wings. The glider is equipped with
two fluxgate sensors at the wingtips, single beam ice-profiling sonar in the forward
payload bay and hybrid propulsion module at the tail.

conditions the focus so far has been on a mechanically robust design. We have
implemented and tested a scalable distributed control architecture based on the
controller area network (CAN) and ARM based micro-controllers. Drag and selfpropulsion tests were conducted in the our 70m tow-tank and compared against
open water tests [5]. We are currently integrating a more powerful single board
computer into our controller network to reduce our reliance from on-shore control
signal computations and therefore remove the limitations on update rates due
to the available RF-communication bandwidth.

Fig. 2. Catamaran style experimental testbed of the AOSL USV. The picture shows
the vehicle during tow-tank drag and self propulsion test.
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Key challenges

The main technical challenges that we are currently facing are:
1. Long range, low power reliable underwater navigation: How can we reliably
navigate over long distances (O(100km)) without access to the surface and
therefore GPS using minimal navigation infrastructure, i.e. low frequency
beacons, high grade INS?
2. System Efficiency: How can we further increase the efficiency of the overall
system in order increase endurance and range (or speed?)?
3. Energy density: How can we get more energy into our system?
4. Realtime path planning: How can we implement realtime autonomous pathplanning on the vehicle?
5. System robustness: How can we make a unmanned vehicle survive a wide
range of environmental conditions for persistent operations?
6. System interactions: How can we make unmanned surface and underwater vehicles safely operate within the commercial ocean space, i.e. fisheries,
transport and off-shore?
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The Future

Marine robotics has come a for way in the past decades. Manned marine robots
are widespread and no new vessel is with not at least some aspect of robotics
implemented, with Autopilots systems being the most common form.
The question is where are unmanned systems going?
The remotely operated vehicles (ROVs) have established themselves as indispensable for off-shore operations and deep-sea research tasks. Autonomous underwater vehicles (AUVs) have become a recognized tool for seafloor mapping,
surveys and mine counter measure missions. Autonomous ocean drifters and
underwater gliders are roaming our oceans by the hundreds to provide watercolumn profiles for physical oceanographers and ocean modellers. Unmanned
surface vehicles are starting to roam the surface of the ocean helping to reduce
the lack of understanding of air-sea interface. Seafloor observatories and moorings provide invaluable data from key locations in our oceans.
The key to answering a lot of our questions about our oceans lies in the
integration of these assets and improve upon their strength. These devices together with numerical ocean models to provide a better ”image” of our ocean
that hopefully will develop into a movie, that not only shows us a snapshot in
time but a chance to look at the evolution of the ocean.
For more focused geographic research areas we see a ”Mothership” concept
emerging. AUVs will work in tandem, with a mothership USV that will provide
the AUV with a communication gateway to an on-shore operator, a navigation aid and potentially a refuelling station. This concept of operations will
potentially open additional precious time in the exploration of the Arctic if the
mothership can over-winter.

4.1

Thoughts on Autonomy

Some of these topics are already worked on but we have to get them into the
field. (This list is not exhaustive by any means.)
– Health monitoring: The systems have to be able to assess their health and
adapt their mission to their assessment if necessary, i.e. sensor accuracies or
unexpected power levels.
– Self preservation: Asses the environment and take appropriate actions if the
environmental conditions exceed the system’s operational envelop.
– Self-healing: In case of component failures, the system should be able to
reconfigure itself (for some cases) in order to be able to ”limb” home.
4.2

General Systems Aspects

Based on our operational conditions we are going to look more into the design
aspects of unmanned surface vessels in order to determine suitable types and sizes
of vessels that can withstand the conditions encountered in the North Atlantic.
How big is big enough? As part of this research we are looking into the issues
related to more reliable and efficient sub-components and sensors. In order to
extend time at sea renewable energy sources have to be considered, such as wave
wind, solar and thermal energy. This approach already has shown great success
using waves as a primary mover in Liquid Robotics wave-glider or Teledyne
Webb’s Thermal glider using the thermal energy in the ocean.
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