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here in a high-level perspective targeting to
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Underwater Robots in Cooperation Meshes

Fostering offshore growth

Many offshore industrial operations frequently invoive divers in challenging and

The oceans are considered fo host 3

risky activities. Since the number of such qualified professionals is rather limited, st ot
the dependency on their work represents an effective threat to offshore industry only to sustain human ife, but also to
and its further development. The extended use of unmanned underwater vehicles, feed all kinds of industries, namely
e.g. AUVs and ROVs, could solve this problem. However, such robotic vehicles through oil or gas, and increasingly
are usually tailor-made for very specific tasks and can be difficult to operate, which also via renewable energy sources,
makes their deployment too expensive and thus unattractive in most cases. such as wind, fides and waves.

Y Y

The SWARMs project targets to expand the use of AUVs and ROVs, eventually
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Autonomous operations design

One goal of the SWARMSs project is to provide a methodology that
gives a structured way of analyzing autonomous maritime
operations and systems. The goal of the methodology is to make
the systems developers able to design, develop and validate
autonomous functionality efficiently. This methodology emphasizes
that autonomy is not all-or-nothing. It is therefore created as a
family of approaches that leads to a system with some degree of
autonomy. It analyses an autonomous operation from three
viewpoints: The Operational Viewpoint, the System Viewpoint and
the Verfication and Validation Viewpoint. The way to use the
methodology is an iterative and incremental approach.

The first versions of the Operational and System Viewpoint Method-
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The coordination architecture

The SWARMs system will consist of three main functional components:
1. Mission Management Tool (MMT); 2. Middieware System; 3. Robot Systems.

1. MMT is located inside the Command and Control Station (CCS), and it is
responsible for the generation of missions, the assignment of tasks to robots, and
the supervision of such missions. The MMT contains the Human Computer
Interface, which allows a human operator to interact with the system, defining and
supervising missions, and also controlling non autonomous vehicles, e.g. ROVs.
zm«mmmmmmmum

COMMAND AND CONTROL STATION

TASSION MANAGENMENT TOOL

MIDOLEWARE
VEm 2

OATA LINK INTERFACE

AUV, ROV or USV

ROBUT SYSTEM

MIDOLEWARE

Architecture goals
the SWARMs architecture analysis
and specification are the following:
« Developing an environment
system for a swarm of underwater
vehicles, e.g. AUV and ROV

BUOY, SATELLITE, LINKS,
ACOUSTIC MODEMS

4—»  physical link

-——» logical link 1

«———» loghal link 2

AUV, ROV or USY

ROBOT SYSTEM

MIDOLEWARE

Functional and physical components of the simplified SWARMs architecture
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Heterogeneous networking

The management of multiple kinds of underwater vehicles demands for a robust Underwater
communication network, which should be able to connect the remote Command communication

and Control Station, typically ashore or on board a support ship, with the robotic

vehicles operating offshore in underwater missions. The communication network Compared to RF communication
is composed by the underwater nodes, i.e. vehicles and fixed modems, by surface systems used overwater or on
access points, such as floating/moored buoys, USV or vessels, and by the CCS. land, the underwater environment
The communication solution being designed in SWARM:s is split in three parts: imposes several constraints that

. Aﬁmmﬂmamﬂwmm

Support ship

EvolL. MF MANET
:i;, = 1 o k-.‘

SWARMs underwater network communication architecture
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Robotic vehicles integration

All robots used in the project are equipped with their usual proprietary on-board Integratlon Wlth
control software, which allows them to be operated individually with their own ROboto ratln
control and command station. One of SWARMs goals is to make heterogeneous

robots operate in a coordinaled way. For fhal, a high level intertace hes be Y Stem (ROS)
defined and implemented for each robot according to the generic integration To ensure good level of genericity,
architecture presented below, which consists of four main sofiware components: a possible implementation solution
« The Vehicle Specific Module is in charge of interfacing the robot with the is to use ROS as the underlying
middleware, via the communication system. It acts as a communication bridge framework, where in such case
‘Mbdﬁmmbuﬂimhmbdmmm eﬁhm\lﬂmb

Robotic vehicles used in SWARMs

Communication System

Incoming Messages Outgoing Messages

Vehicule Specific Module

Onboard part

Requests Reports

Robot Supervisor

Planning Vehicle status | Reports,
requests requests Events detected

Robot Planner Robot Menitor

Tasks status,

Equipment status
Events detected

Robot with its
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Semi-autonomous Manipulation

Tele-operating several vehicles underwater, each of them performing a complex " A—

task, requires highly trained pilots. The goal here is to provide a set of functions to ;
drasfically simplify the tele-operation tasks by providing more autonomy to the

a completely autonomous operation is not feasible. These functions will be the
necessary link between high-evel goals given by the operator or the task planning
process and the actual safe, efficient and autonomous motion of each vehicle
operafing in a mission.

During the first months of SWARMs project, the following aspects have been
addressed:

oBuedmamﬁanuhnﬂmdwdmﬂdmhem

Virtual ROVs swarm near foundation

Please give your feedback on SWARMs Newsletter #1
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