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This document, with the format of a newsletter,
presents information regarding key achievements,
from the project and its components, obtained until
the end of SWARMSs, namely showcasing the final
demonstrations. This information is reported here in
a high-level perspective targeting to increase project
interest and grab the attention of key stakeholders.
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Underwater Robots in Cooperation Meshes

SWARMs Final Demonstrations

The second. and final, set of SWARMs demonstrations tock place at Trondheim
fiord, in Norway, during the last week of June 2018. This final milestone event was
preceded by multiple local testing involving different maritime robotic vehicles and
support platforms, which were carried out since early May. These trials allowed the
consortium to test and validate the final integrated version of SWARMSs system.

Foliowing a similar approach as adopted in previous SWARMs demonstration
massive deployments, in Gran Canara and at the Black Sea, the following
Main Mission: Plume Detection Mission

Mission 1: Detail Seabed Inspection

‘Mission 2: TNO High Speed Acoustic Link Demonstration

Further in this issue

Verification and
Validation

Mission planning and
supervision
Environment data in
SWARMs CAF

w- 1 l”llw ” =

Semi-autonomous
manipulation

(i v * ;;31 b ’ integration

Simulation of 3D path
planning

SWARMs team at Trondheim, Norway
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Verification and Validation

The SWARMs Methodology for development
of autonomous systems consists of three
viewpoints. The methodology is generic and
have both been used in, and improved by
the project. The operational viewpoint was
important to ensure that all the partners had
a common view on what was going to be
developed. Verification and validation in
SWARMSs project have been an incremental
process with several physical integration
meetings and three demonstrators, one on
each year of the project. In general, the
challenge with verification of autonomous
systems is the large number of outcomes.

Challenge 1

et &

wrepaw

SWARMSs Methodology viewpoints

Large number of outcomes — Online verification and control
One method of solving the large or infinite number of outcomes for an autono-

mous algorithm is to use online verification with an easy to verify model of the

System I/O

Online verification and control

SWARMs SW integration

GUI Guidelines

Guidelines for development of
graphical user interface (GUI)
have been made as part of the
methodology. The guidelines were
used for implementation of the
Mission Management Tool (MMT).
The operational work flow, archi-
tecture, layout, as well as detailed
use of color graphics and icons
were developed for SWARMs and
similar projects. The workflow is
illustrated below.

SWARMs GUI development

{ '

SWARMSs three screen CCS
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Mission planning & supervision

SWARMs Mission Management Tool (MMT) provides the operator with a GUI and Mission Planners
algorithms for mission definition, (re)planning and execution; progress monitoring
and supervision of tasks and vehicle status: and mission abort in case of alarms.

High level planners assign vehi-
cles to sorted tasks optimizing
oversll time of the mission and
taking into account vehicles’ capa-
bilities and battery status.

» Constraint Programming Tem-
poral Planner (CPTP)

« Genetic Mission Planner (GMP)

« Hamony Search Planner (HSP)

* 15-Puzzie

Event Reporter

Reports any event or abnormal
behaviour at different functional
levels. The lowest level is the
equipment level, indicating that
some equipment (SONAR, IMU,
etc.) raised an alarm. The function
level comesponds to atomic
(pmpulsmd‘ncion.beﬁs&on)
cronnphxﬁmdims(mwbﬁon).
ADDSMMHMMMWMMJW mmmmb

SWARMs Mission Management Tool

Equipment

Event funcfional architecture

Vehicles status update
Mission and task progress
Events and alarms

Missaan plan
Abort commandls

Vehicles position ;
Environmenta info

Safery distance
Vehicles status update Vehacle plan check alarm
Task progress Abort commands
Events and alarms

Coordination of maritime robotic vehicles via SWARMs DDS-based semantic middieware
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Environment data in CAF

SWARMs Context Awareness Framework (CAF) makes available in its GUI both UNDROIP toolbox
vehicles situational and environment data, which allows the CCS operator(s) to

monitor and eventually take informed decisions on a mission progress. The figures The UNDROIP toolbox is an open-
below illustrate the representation of such distinct data, in this case, the position source sofiware that can be used
history of vehicles (tracks) involved in a mission, and also one of the extracted to process underwater side-scan
landmarks acquired after post-mission offline processing. sonar images. UNDROIP provides

many functionalities for side-scan
sonar imaging, €.g. image normali-

TE—— zation, sea-bottom detection or

¢ . e bottom first retums, landmark de-

. Aea P tection, registration, speed cormec-
» tion, removal of water column and

/ i bathymetric matching. UNDROIP

has been developed in SWARMs
project within the scope of Envi-
ronment Recognition and Sensing.

Situational and Environment data representation in CAF GUI

In SWARMs Main Mission, executed late June 2018 at Trondheim, the up-to-date
position data provided by the vehicles involved in the mission were used by
SWARMs middleware to query in real-time a wastewater Plume Simulator in order
to associate the respective simulated salinity measurements to each vehicles’
positions. The acquired simulated measurements are stored in SWARMs
knowledgebase together with the received effective vehicles situational data.

The CAF GUI selection, with other data and information, R

s 559‘575 upon m::‘ o he UNDROIP Image Processing Toolbox
plume, sﬂwmsﬂﬁ“ﬂnpﬁmsmmmwuw
vehicles, as illustrated in the pictures below. The salinity measurements are repre-
usmufnmmmmnmwmmhﬁd

Detected wastewater plume discovered in realtime, and simulated plume (on the right)

&
AN SN

Saliency-based stereo matching
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Communication system V&V

The aim of SWARMs communication system was to provide a reliable, robust,
scalable and easily deployable communication network to connect underwater
nodes to the ashore control station (CCS). The work done in the three years of the
project was addressed to define, implement, test and validate a “general purpose”
communication network, able to match the requirements of SWARMs selected
scenarios and use cases. This infrastructure was based on commercial hardware
and on the development of new components and applications to extended the
existing functionalities. The integration of single high performance capabilities
allowed to optimize the network performance and to compensate weaknesses of
each node and component, as it was successfully demonstrated in all the sea
trials performed in operative conditions, including at Norway's last demo missions.
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SWARMs communication system entities and nodes in Norway's final demo missions

Gateway
Buoy

SWARMg)))se

Nodes integration

Throughout the project. several

different communication nodes

were integrated in the SWARMs
network:

+ P2P Radwin RF link

« Up to 7 AP — AP/R Wi-Fi nodes
(Ubiquiti Rocket + Ubiquiti Bullet
modems and 4 different types of
antennas)

« 4 different configurations of
surface relay nodes (PLOCAN1,
Arctica, Capella, MAROB USV)

« 5 different configurations of
surface gateway nodes
(PLOCAN2  floating  buoy,
Leonardo floating buoy,
Leonardo  SUSV.  Manta

SWARMs acoustic modems
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Robotic vehicles integration

A generic and modular Robot System Onboard Architecture (RSOA) based on
ROS (Robot Operating System) middleware was developed in the project. This
architecture allows robotic vehicles to autonomously achieve the considerad high
level tasks and to adapt their mission when disruptive events occur. The RSOA
has been instantiated for two use cases: sonar survey, and plume detection and
tracking. It has been integrated and tested on several heterogeneous vehicles: 4
AUVs, 2 USVs, and in the local control station of 2 ROVs. The RSOA has been
validated through several simulation and maritime experimental demonstrations.

Demonstration at sea - June 2018

The sea demonstration in the fiord of Trondheim showed that all components of
the SWARMs system were in the loop. The RSOAs were onboard all robotic vehi-
cles involved in the final demonstration missions, and such integration was validat-
ed in multiple vehicles, e.g. three AUVs (NTNU Fridtjof LAUV and LSTS (lab in
‘University of Porto) two Noptilus LAUVs) and one USV (Mariime Robotics
Tmm)mmmammmumof
ummmmawbumm lslheusecnse

Plume detection camied out during simulated mission in final demonstrations

RSOA concepts

SWARMs RSOA is based on the

following main concepts:

« Architecture centered around
the Supervision function

« Planning and Monitoring func-
tions associated to Supervisor

« Modularity ensured by the use of
the ROS framework

« Genericity both between and
inside functions

Supervisor
Management of the memun of
mwdhm;)m-
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Semi-autonomous

manipulation Intuitive inputdevice
The objective of the semi-autonomous manipulation is to relief the operator from An intuitive input device developed
the burden of individually commanding all degrees-of-freedom of the manipulators in SWARMs was demonstrated in
end-effector, leaving instead just the most critical decisions open to human July 2017 controlling remotely a
judgement and action. In the specific mission scenario a ROV is sent to approach robot manipulator arm located at
a blowout preventer (BOP), activate the blowout preventer and thereby sealing the the time in Trondheim, Norway,
well. The valves on the BOP panel are identified with individual visual markers. from Mangalia, Romania (video).
These markers allow a detection and estimation algorithm to fuse the vehicle's In the second set of demonstra-
inertial and visual information, in order to provide an estimation of the vehicle tions, which took place in June
odometry with respect to the marker. The pose of the gripper with respect to the 2018, the device was made ready
marker is determined, so that an automatic positioning and orientation of the to control a real ROV during the
gripper in front of the valve is possible. Only the tasks of approaching the valve, demonstrations at Trondheim. This
gripper closing and valve tumning are left to the operator. was achieved by software modules

connecting to a BlueROV and a
Windows user interface.

> — .
[ Propesed Hybind s
Acouatic oy —

Time to dock &

Give us your feedback:
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