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Underwater Robots in Cooperation Meshes

SWARMSs Newsletter #2

SWARMSs Early Trials

The first stage of field trials and demonstrations planned in the SWARMs project
was held during the last weeks of September 2018. These Early Trials took place
at PLOCAN facilities in Gran Canaria island (Spain) with a duration of 10 days of
exhaustive proofs of concepts and validations of the technical developments made
during the first year of the project.

In order to address the different challenges within the project, a series of seven
different missions were executed as previously planned. These missions were

Two vehicles used in the Early Trials
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Environment sensing

One of SWARMs main goals is to define the sensors and information processing
framework that will allow the perception of the existing environment and therefore
provide more autonomy to the vehicles, allowing them to perform more complex
tasks and, when a completely autonomous operation is not feasible, appropriately
simplify the information so that it can be exchanged with an extemal operator.

During the first year of the project the main focus has been given to different types
of sonars suitable for large scale mapping, such as side-looking and forward-
looking sonars, as well as different types of optical sensors suitable for close

range inspection, such as stereovision cameras, and algorithms for automatically
extracting information from sensor datasets and merging different types of maps.

Both acoustic and optical sensors were successfully tested during the Early Trials
conducted at PLOCAN's facilities. The Klein 3500 bathymetric side-locking sonar
was successfully integrated in the ECA A2 AUV and tested in a shallow water test
site in Melenary Bay, at Gran Canaria island. The reflectivity and depth maps wers
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Map of testing region, including survey area represented by blue rectangle SAGA video image of a landmark

Constellation of landmarks detected automatically using an algorithm developed by ECA  Detail of landmark in A9 sonar image
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Communication subnetworks

The sea is a harsh and challenging environment for communication systems, both

in air and underwater:

» Its surface acts like a mirror, reflecting both RF and acoustic incident waves;

« Medium to high sea state causes a lot of diffraction and random refiection of
electromagnetic waves and it increases the ambient noise;

« The acoustic communication range and bandwidth are limited by the absorption
coefficient, as function of local environmental conditions.

For both overwater and underwater regions, the transmission can be subjected to

limited range. interruptions and loss of data because of frequency interferences

and noise disturbances. Thus, i is very imporiant to characterize the performance

of communication systems in the real environment and to make tests in operative

SWARMg)))se

Early integration of

the subnetworks

Following the achieved positive
results regarding the considered
subnetworks, a final test was
the RF, Wi-Fi and MF underwater
subnetworks, demonstrating the
capabilities of the designed and
selected subsystems to transfer
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Robotic vehicles architecture

A generic software architecture is developed in the project and is being adapted to Robot O erating
proprietary on-board software of the SWARMs heterogeneous robots. The main S stem ROS)
objectives are to allow each robot to receive high level mission tasks from the y

MMT (Mission Management Tool). to perform the requested tasks in a quite To ensure good level of genericity,

autonomous way including the cooperation with other vehicles, and to report to the the robots architecture has been
MMT. Six software (SW) components (see figure below) have been specified: implemented using the ROS
+ The Robot Supervisor, central in the architecture, executes the plannad actions. famework:, ench . Sght "'n“e Sw
reacts to disruptive events and manages the robot configuration; e i
node in the presentad architecture.

« The Robot Planner computes a detailed plan of actions from tasks received
from the MMT and replans on disruptive events;
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Vehicles simulator

One important part of SWARMSs is dedicated in developing a set of functions to
drastically simplify the tele-operation task in providing further autonomy to the
vehicles, as well as the manipulation. In order to do so a set of simulation models
are needed, which allow the model-based development and virtual testing of these
functions before conducting expensive tests in the real world. In SWARMSs, the
chosen simulation environment is GAZEBO, which not only is able of simulating a
swarm of robots, but also is the most popular 3D simulator within ROS ecosystem.
We now provide implemented models of vehicles, sensors, actuators and also
manipulators. These models include the underwater vehicles used and provided
by the project pariners during the sea trals. Sensor models are typically generic
ﬁmhmdmcmﬁubammm,
The Mﬂmmmm nuhlanainn syshm (INS),
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Simulation of seabed mapping

Concept of device before optimization Final concept of the input device
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Mission planning

High-level mission planning consists in providing the schedule and breakdown of Planners features
tasks that need to be performed by a swarm of robotic vehicles for accomplishing
a defined mission. On the other hand, low-level planning includes the definition of
plans at vehicle level, i.e. the generation of waypoints, actions and equipment Prannears /
management commands. The following steps describe the planning of a seabed
mapping mission in a high-level perspective.

1. Mission definition: The operator draws on a map the set of areas to be
mapped, through the MMT graphical user interface (GUI). The system informs the
operator of which vehicles are available and what are their configurations.
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Gantt chart view in the MMT GUI Example of trajectories for 3 vehicles
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Interfaces with the middleware

In the latter part of SWARMs first year the first version of the interfaces connecting SWARMs PDUs
the vehicles with the semantic middlewars (MW) have been designed, enabling
SWARMs core functionalities. This design had to comply with the particularities of The interfacing in SWARMs needs
the underwater communication channel, i.e. low bandwidth that can drop entirely. to be rather fight since it is not
feasible to use typical interfaces
L P R O P (NI iy i over TCP/IP networks, such as
REST, which are too complex and
O] TYee | Swery e 10 <0W09 Answe query [Error information heavy. To avoid this, and after

researching the state of the art. a
Header Payload been designed compatible with the

DI (e, Do Seine)
User interface

Conceptual illustration of SWARMSs general user interface
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