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1. Introduction

This document was created as a guide for potential users of the ATLANTIS Test Centre in Viana do Castelo.
Moreover, it can be used as material for preparing training sessions if needed. The main part of the
deliverable is a set of presentations describing the location of the test site, the environmental conditions,
and the available infrastructure, as well as specific use cases related to the experimental trials, conducted,
by the partners, at the site. The presentations are summarised in the sections below and attached in the
Appendix.

2. ATLANTIS Test Centre

The ATLANTIS test center is a proving ground for marine robots and related technological solutions.
Installed in Viana do Castelo, the ATLANTIS Test Centre, it is composed of two test sites, the Coastal
Testbed and the Offshore Testbed, as well as a Shore Control Centre.

The Coastal Testbed is located within the harbor of Viana do Castelo, in close proximity of the local sailing
club. It is easily accessible by car or train, and as it is a public space, there are no restrictions in terms of
access. It is composed by a decommissioned floating offshore structure, that replicates the challenges
presented in floating offshore wind farms. Due to its proximity to the sailing club, the Coastal Testbed has
access to all infrastructures required for easy deployment of robotic technologies. These include energy
supply (directly on the structure or provided by power banks and generators, if needed), support vessels,
large access roads for the transport of equipment, crane, internet access, toilets and a sheltered room
(room of the control center).

The Offshore Testbed is composed by a real wind farm, the WindFloat Atlantic Wind park, located up to
20 kilometers from the coast of Viana do Castelo. It is composed be three floating wind turbines, and
access is possible through the use of a support vessel at the disposal of the Test Centre users. During
testing operations, users have access to 4G and a satellite link. Access to the testing area is restricted and
subject to regulations defined by the owners of the wind park.

The Shore Control Centre (SCC) provides full communication with the robotic platforms on both testbeds;
direct line of sight communication with the vehicles operating in the Coastal testbed, and with the vehicles
on the Offshore testbed vehicles operating in the Offshore Testbed. The SCC is a private space, that allows
easy monitoring of operations, with all of its infrastructures compatible with ROS (Robot Operating
System), allowing easy transfer of data and remote monitoring of the operations.

For users performing tests in the ATLANTIS Test Centre, the process starts with coordinating with us the
deployment and storage of the equipment to be used during the tests. Once the equipment is transported
to (and stored in) the Test Centre, deployment will be dependent on the type and weight of the
equipment. Easily transported equipment can be deployed manually, while for heavier and bulkier
equipment support from the sailing club is required for deployment. Once the equipment is deployed, if
in loco water support is required, a support vessel is deployed with the team member supporting the
operation. Once the test is completed, the recovery process of the equipment occurs in a similar manner
as the deployment. Manually for lighter and smaller equipment, and with support from the sailing club
for heavier and bulkier equipment. Once back on shore, if further tests are required, the process is
repeated. If the testing is concluded, arrangements need to be made for the transport of the equipment
back to the origin point.
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While one of the aims of the ATLANTIS Test Centre is the de-risking of the technologies, performing work
in a floating structure or offshore can pose some danger to human operators. Even though the Test Centre
presents an ideal location to perform training programs and gather experience on the use of robotic
technologies, risks still exist. As a result, there are a set of safety regulations in place for users of the Test
Centre. These include the use of protective gear (life jacket and helmet) when on a vessel or on the floating
structure, close inspection of the equipment to be used before deployment and the report of any potential
hazards detected.

In addition to the safety regulations imposed by the ATLANTIS Test Centre, there are permission
pertaining tests in the harbor and at sea that are required by external entities. These include the approval
for all tests in the areas involving aerial vehicles by the Captaincy of Viana do Castelo and by the AAN
(National Aeronautical Authority), registration of support vessels with DGRM (Directorate-General for
Natural Resources, Safety and Maritime Services), and both Sea Survival Training and OEUK certificates
for those going offshore. Depending on the tests to be performed, particularly offshore, additional
training certificates might be required from the users.

To apply to test technologies in the ATLANTIS Test Centre, potential users are required to email
atlantis.testcentre@inesctec.pt, indicating their interest and providing information on the test to be
performed. The minimum information on the tests required includes the type of technologies to be tested,
their intended application, which testbed would be used (testing on the Offshore testbed requires
previous testing in the Coastal testbed), any supporting infrastructures required for the tests, the size of
the team present at the Test Centre and the expected time-frame for the operations.

All data collected by ATLANTIS, either during the application or during the testing activities is subject to
GPRD guidelines. This means that no personal information will be collected and all data collected during
testing will be confidential and secure.

3. Use cases

3.1.INESCTEC

The INESC TEC team was involved the development of technologies that can be applied to 3 different
scenarios: i) inspection of the floating structure, ii) support of operations with crewless vessels and iii)
inspection of blades and tower. The technological developments related to these scenarios were centered
on two different type of vehicles: an Autonomous Surface Vehicle (ASV), Nautilus, for the first two
scenarios and an Unmanned Aerial Vehicle (UAV), RAVEN, for the last one. These developments involved
the design of new sensor payloads to be integrated in the vehicles, as well as new navigation algorithms.

The development of Nautilus involved the design of a new mechanical structure and reconfirmation of
the sensor payload and actuators. The objective was the development of a vehicle with increased
robustness and stability. This will not only contribute to increased reliability in offshore environments,
with its harsh conditions, but allow the ASV to pull tow vehicles transporting other robotic platforms.

For the scenario of inspection of the towers and blades, the developments were geared towards NDT
inspection of the offshore infrastructures as well as achieving fully autonomous deployment and recovery
of the vehicle. This was achieved through careful consideration of the sensor payload to be used by the
RAVEN UAV, considering both the needs of inspection activities and the autonomous deployment of the
vehicle. The payload consists of a 3D LiDAR, a visual camera and a thermographic camera. For the
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autonomous deployment, a small landing platform was designed and constructed to allow autonomous
landing and take-off. This included the design of a marker that allows the UAV to detect the position of
the platform.

During the trial performed in the ATLANTIS Test Centre, in July 2022, the INESC TEC team was able to
successfully demonstrate the autonomous take-off and landing of the RAVEN UAV into the landing
platform, both when the platform was attached to a fixed structure and when it was being pulled by the
Nautilus ASV. Additionally, the inspection of the floating structure was also successfully validated.

The Nautius ASV was deployed through the use of the crane present in the facilities of the Coastal Testbed
of the ATLANTIS Test Centre. The vehicle was transported to the crane using a boat trailer. From there it
was attached to the crane carabiners through fixation points specifically implemented for the
deployment. Once in the water, a support vessel was used to release the carabiners. The vehicle can then
be either tele operated from shore or from the support vessel, or it can perform an autonomous
operating, whist being monitored with a support vessel (with a kill switch).

The deployment of the landing platform for the UAV can be performed in the same manner as the ASV,
or through water access ramps, as the platform has wheels. Once attached, either to fixed structures or
to the ASV, the UAV takes-off manually from shore and is operated until it is positioned directly above the
landing platform. From there it starts its landing operation autonomously. Once the UAV has safely
landed, if the platform is attached to a fixed location, the drone takes off autonomously. If the landing
platform is attached to the ASV, this one moves towards a different position, while carrying the UAV in
the landing platform, with the AUV taking off autonomously upon arrival of the pre-determined goal
point.

During the operations of the vehicles a ground station provides the RTK base information through WiFi to
the vehicles in operation. The operations and data collected can be monitored and controlled through a
mission controller deployed on shore. All of the telemetry data is shared from the robots with both the
mission controller and the ATLANTIS SCC.

3.2.UdG

In the ATLANTIS project the UdG team has been developing technologies in two different directions: a)
the permanent deployment of autonomous underwater vehicles for continuous monitoring of the wind
farms and b) the autonomous IMR operations on the Windfloat structure, including cathodic protection
testing with a contact probe, cleaning with a rotating brush, and laser scanning of anodes. Development
of the first technology involved a complete design of a docking station for the Sparus Il AUV as well as
new control algorithms for autonomous docking. Development of the second technology included a new,
dual-manipulator payload design for the Girona 1000 I-AUV, as well as implementation of control
algorithms allowing for fully autonomous IMR operations.

The permanent deployment test was composed of a few parts: undocking of the Sparus Il AUV,
autonomous survey of the seabed, and autonomous docking manoeuvre. To monitor the operation of the
robot during the test, it is connected to the control panel through a cabled buoy, floating on the surface
and equipped with a WiFi antenna. This wireless connection is used only as a safety measure due to on-
going evaluation of the system reliability and performance and in the final solution it would be removed.
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The IMR tests with the Girona 1000 I-AUV were focused on fully autonomous cathodic protection
measurements with a contact probe. Each operation includes multiple stages: submerge action;
identification of the location of the structure; approach to the surface of the structure and docking with
a permanent magnet gripper, installed on one of the manipulators; unfolding of the second manipulator;
touching multiple points on the surface of the structure, with a probe; folding the probing manipulator;
undocking and surfacing.

During the trials performed in the ATLANTIS Test Centre in November 2022, the UdG team was able to
successfully complete the permanent deployment tests, but failed to perform the IMR tests for various
reasons explained below and in the related presentation.

The docking station was installed in the seabed, in the part of the port assigned to the ATLANTIS Test
Centre, with the help of a crane and a group of divers. It was supported by wooden planks due to large
amounts of sediment. The vehicle was deployed to the water from a floating pier of the sailing club, which
is easily achieved be a single person, thanks to the design of the Sparus Il AUV trolley and the low weight
of the robot. The robot was then teleoperated in the surface, to the surroundings of the docking station.
The autonomous docking algorithm was used to dock the robot, undock, and perform a survey of the
bottom using a forward-looking sonar. Multiple sequences were completed successfully.

The IMR tests planned to perform using the Girona 1000 I-AUV were not possible to conduct. The main
reason was the fact that the floating structure, being part of the ATLANTIS Test Centre, was not installed
deep enough and its surface was covered with marine growth. This has pushed the UdG team to use an
alternative structure, a test rig built for the trials in the CIRS test tank. The robot has successfully
performed autonomous CP measurements in the lab environment, using this structure. However, two
problems hindered the testing of the developed algorithms in the ATLANTIS Test Centre. The first problem
was the difficulty in installing the test rig in the site. The location chosen for the installation was a pier
which is constructed from concrete blocks with big holes, reducing the water resistance and allowing it to
pass. When the test rig, which is a curved panel, was installed on the wall of the pier underwater, the
forces exerted by the water has broken the lines and parts of the structure in a few hours. Therefore, the
panel was not fixed and moving with the water, which has made it infeasible for performing any
manipulation tests. The second problem was the very high turbidity of water in the site, which rendered
impossible the testing of the laser scanning technology developed for anode inspection (see photos in the
presentation). It is an important factor to consider if any vision based system is to be tested in the site.

3.3.1QUA Robotics

The main focus of Iqua in the ATLANTIS project is the development of algorithms for autonomous
inspection of submerged sections of Windfloat structures. For this task, lqua has chosen the Girona 1000
AUV, as it provides very stable roll and pitch DoFs, large and flexible payload area and connectivity, high
processing power and accurate localization using GPS, DVL and INS. Iqua has also developed a payload
specifically for this task which includes a multibeam sonar, two optical cameras and a pan/tilt device. The
multibeam sonar and one of the optical cameras can be tilted using the pan/tilt device.
The autonomous exploration algorithm developed at Iqua for the autonomous inspection of submerged
structures is divided in two main stages: assessment and inspection. In the assessment stage, the robot
navigates around the structure at a moderate distance, gathering occupancy information for path
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planning and obstacle avoidance. In the inspection stage, the robot performs a trajectory much closer to
the structure, gathering not only occupancy information, but also optical data for the inspection of the
asset. At all times, a path planner ensures the robot trajectories are safe. Prior to the testing in the
ATLANTIS Test Centre in Portugal, Iqua tested the algorithm in two scenarios near Girona, a natural islet
and a breakwater structure, with excellent results.

In the tests performed in the ATLANTIS Test Centre in November 2022, the Girona 1000 control station
computers and the operators were located inside the provided containers. While a battery powered Wi-
Fi antenna was used as an intermediate connection point between the control station and the robot.
Deployment of the AUV was realized using the crane available in the operational area. In addition to the
robot, a small cabled buoy was deployed to maintain communication when the robot is underwater.
Several successful runs of the algorithm were performed in the ATLANTIS Test Centre, with the robot
circumnavigating the floating structure from a close distance. However, the poor visibility during the test
days impeded obtaining optical data of sufficient quality to perform a 3D reconstruction of the site. During
the experiments in the ATLANTIS Test Centre, two payload configurations were tested. One of them with
the tilting device sweeping the multibeam to scan vertically (forward), and the other sweeping the
multibeam to scan horizontally (mainly sideways).

In the presentation, details are given regarding the integration with the SCC in the ATLANTIS Test Centre,
developed in close coordination with the SPACEAPPS team. Mainly, the developments focused on
transmitting telemetry from the vehicle to the web APP, mission integration and programming through
the SCC and receiving basic commands from the web APP to the Girona 1000 AUV. Finally, the
presentation concludes with a section describing problems and observations regarding the operation in
the Test Centre.

3.4.RINA

The focus of Rina in the ATLANTIS project is the identification of new methodologies for O&M activities
using robots, within the emerging set of technologies and to develop potential options that may be able
to respond to industry's challenges.

This goal will be achieved through the development of methodologies and through the progressive
increase of know-how acquired through testing campaigns carried out using robotic technologies (UAV,
ROV, ASV) already available on the market.

Another crucial factor is the development of Risk assessment. Risk assessment and risk management of
the structure will be also driven by data collected by the robots: therefore, the most relevant parameters
to be monitored with/without robots will be early identified to constantly monitor the safety and the risk
of the structure.

During the tests performed in the ATLANTIS Coastal Testbed in November 2022, Rina has performed
following activities:

UAV

e Equipment: DJI MATRICE M 210 RTK V.2
e Main Objectives Calibration and Data collection Floating Structure capture of images and data.
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Planned Activity: Inspection to verify the condition, construction, and integrity of the structure
through thermographic and visual analysis.

Executed Activity: Operational checks: (test of optics and thermographic sensors, wind resistance
and stability during flight operations, electromagnetic fields interference). Test of Control signal
(long distance ~7-8 km). Capture of details (components data of installed wind turbine is
acquired). Verification of semi submergible structure (visual analysis)

Equipment: Flytech model D16C-500 with sonar chirp plus deeper

Main Objectives Calibration and Data collection: state of the seabed capture of images and data.
Planned Activity: Analysis of the seabed of the area surrounding the floating structure conducted
with the help of a drone that mounts a sonar chirp + and telescopic system with 360° camera. This
sonar with a continuous flow of frequencies from bottom to top will allow the reading of the
seabed and in association with bathymetric surveys allow to monitor the interference of the
structure with the coastline. With the captured images it will be possible to monitor the
development of benthic flora and fauna developed around the system to evaluate the possible
impact/effect of the structure in the coastal environment.

Executed Activity: Considering the adverse weather conditions and the poor visibility the activity
has been limited to the use of the sonar for depth characterization.

Equipment: FIFISH V6 EXPERT M20

Main Objectives Calibration and Data collection Floating Structure (submerged section) capture
of images and data.

Planned Activity: The purpose of the activity is to determine the state of the art of the structure
especially the erosive state to which the material is subjected.

Executed Activity: Operational checks: (resistance and stability during operations). Capture of
details (components data, mooring line). Verification of semi submergible structure (visual
analysis). Considering the adverse weather conditions and the poor visibility the activity has been
limited

The presentation provided by Rina is related to the use of drones in the coastal testbed. The objective is
to provide useful information to possible users of this platform who intend to test drones or components
of drones (sensors) in inspection operations.

Listed below the main topics analyzed for UAV inspection:

1. Briefing: preliminary checks to be carried out before to start the mission

e Verification of insurance documentation of vehicles and pilot certificates
e Weather forecast monitoring before and during the mission
e Notify to Remote Surveillance Unit Start/End of the Inspection Works
e Briefing Pre-flight With other Team Members
e Check Installation Micro Sd Card
e Check Battery Installation (Check Full Charge)
e Check The Planned Route
e Flight Mode Switch (On Desired Position)
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o Preflight-check: Before departure UAV shall be tested and checked according to supplier's
guidelines
e Control of Possible External Interference
e Home Point Check (Take-off Point)
2. ldentification of operational area within the Costal Test Center (Take-off Area)
3. Characterization of floating structure
4. Communications & SCC (*)

(*) Possibility to monitor all the mission with some parameters: state of vehicle, position, battery status,
etc) to be evaluated and implemented in SCC.

Some videos and pictures are available to plan the activity (see pos.2&3).

3.5.ECA

ECA Team was present in the ATLANTIS Test Centre Coastal Testbed during one week from 7t to 11*" of
November for testing the ruggedized version of the Roving Bat (A remote controlled Hybrid ROV). The
Roving Bat is involved into 2 different scenarios of the project: inspection of the floating structures and
inspection of cable protection systems. For these trials the Roving Bat was equipped with 3 full HD TV
cameras, a rotating sonar, a 7-axis manipulator fitted with a cleaning brush and a cathodic potential
measurement probe and - as a payload - the MARESye 3D camera designed by INESC TEC.

These tests were the first sea trials of the Roving Bat and were mainly focused on navigation of the vehicle
and its attachment on the floating structure. The purpose was to demonstrate the functionalities of the
new technologies deployed and the future ability to operate in offshore conditions.

Both scenarios were tested with the inspection of the floating structure and of the mooring chains that
keep it in position (replacing the cables protection system)

Firstly, we have demonstrated the functionality of the newly designed 8KW power converters installed on
the Roving Bat and a dedicated umbilical cable. Some pictures and video were recorded by divers thus
showing the Roving Bat in its real environment.

On the other hand, due to the slope and the lack of depth of the floating structure, there were difficulties
in performing its landing on it. Some attempts were done but only attachment on the walls of the quay
was performed. Some technical problems also made these operations even more difficult.

The manipulator, the cleaning brush and the CP probe were functional but not operational because the
Roving Bat could not be placed correctly on a vertical structure (the arm must be operated while the
Roving Bat is still)

Regarding the integration and the calibration the MARESye camera, the results were successful and we
have performed realistic 3D images using some predefines object immersed near the ROV. This camera
may be used on the structures of windfarm for 3D object reconstitution on the field during maintenance
operations.

During the week we also have finalized the communication link between the Roving Bat system and the
SCCin order to allow the remote reception of images and the future interoperability from the shore.
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These trials were also the opportunity to train our pilot for the future offshore trials. The Roving Bat was
deployed by the mean of the crane present in the facilities of the Coastal Testbed of the ATLANTIS Test
Centre. The launching and the recovery using the latch lock system installed on the ROV was successfully
used and can be extended to its future use on a support vessel for the offshore deployments.

The Roving Bat was operated by a pilot by the mean of a control unit installed on a 20 feet container
together with the power supply unit. A generator was used to delivered the necessary power for both
400Vac and 230Vac electrical supplies. The winch was installed outside. No particular problem to report
for this installation except the management of the umbilical cable that was a little bit tricky. For these
operations the umbilical cable needs to be supervised by an operator during all the navigation phases to
avoid entrapping on the different floating structures present on the site. This monitoring is easy du to the
fact of the umbilical cable is floating and visible even during bad meteorological conditions.

During all the trials HD videos and sonar images were recorded on a PC, but due to the water turbidity the
cameras need to be close to the structure to take exploiting images. Only the sonar could be used for the
navigation of the ROV. Automatic navigation like auto heading and auto depth functionalities are
essentials to help the pilot to reach the floating structure from the launching point. As an axis of
improvement we noted that a multibeam imaging sonar (Like Oculus from BluePrint or Gemini from
Tritech model) would help during the approaching phase and the landing on the floating structure. The
capabilities of Gigabit Ethernet transmission will allow the use of these sonars in real time.

4. Supporting technologies

4.1.SCC (SpaceApps)

In order to supervise the operations performed in the ATLANTIS context, Space Applications Services is in
charge of the development of the Supervisory Control Centre, SCC, and of the integration between the
robots involved and the SCC using the C++ interoperability library provided. The objective of the control
centre is to monitor data coming from robots and to send commands to robots. Data coming from the
robots are shown on the User interface of the SCC in real time and the operators can also navigate in the
history of the data based on time constraints. Numerical data, Booleans, images, odometry, GPS and joint
states of URDF models from all the robots can be received and visualized directly on the SCC.

An automated mission planning module is also integrated to the SCC to allow the operators to define
missions by defining robots capabilities and assigning robots to geographical targets with associated
actions to perform individually on each targets such as clean, inspect or asses.

Operators have the abilities to send direct commands to the robots connected to the SCC. Numerical
commands, switches, target points and follow paths actions are handled. The operators can also set
constraints to every commands in order to allow the commanding of the action only if the constraints are
met. Robots can also be operated using the automated mission planning module that will output a
coordinated list of actions for each robot involved in a mission. The operators can check and validate the
mission plan before deploying it on the robots directly from the SCC. The control centre will then allow
the operators to monitor and follow the execution of the mission plan on each robot simultaneously on
the same view.
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To provide a better user experience the SCC was designed to be accessible on any web browser being
connected to the ALTANTIS secured network. It can be accessible on laptops, tablets or even smartphones.
The user also has the possibility to fully customize the view of the user interface to split it in different
components and share it to other devices connected to SCC network.

4.2.Buoy sensor system (VTT)

VTT uses the ATLANTIS pilot site, and the Coastal Testbed in particular, for developing predictive
maintenance analytics for offshore wind O&M needs. The Coastal Testbed is virtualized to bring together
data from different sources: weather data, motions of the testbed structure, robot-based inspection data
etc. VIT O&M module uses this data for predictive maintenance analytics and then provides analytics
output to the SCC. A central part of the virtualization is a digital twin model of the Coastal Testbed floating
structure that processes the motion data for the 0&M module.

The Coastal Testbed was instrumented with three accelerometers, a motion sensor and two cameras to
detect motions of the floating structure. Weather data was gathered with a wave buoy and an
anemometer (wind sensor). Measurements are sampled simultaneously with the separate data
acquisition modules connected to a local PC for data storage and measurement management. Wave buoy
data and onsite video stream are synchronized with the rest of the data based on offline comparisons
with data responses and time values.

Applied sampling frequency depends on the measurements, and at maximum, it will be about 100 Hz. The
sampling is set to fulfill the requirements for promoting virtualization of the Coastal Testbed and structural
O&M analytics requirements. The motion data is used as input to the digital twin seakeeping model that
then provides (wave) loadings to the digital twin structural model. These together are used to provide
short-term predictions for operations (e.g. motion limits) and long-term forecast for structural integrity.

The goals and first observations are reported in the training documentation (presentation).

12 | Page This project has received funding from the European e
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5. Appendix — presentations

5.1. ATLANTIS Test Centre

WP4
ATLANTIS Testing Centre

INESC TEC
Nuno Abreu
Jodo Marques

WWW.ATLANTIS-H2020.EU WWWATLANTIS-H2020.EU
Summary 1. Overview of the pilot infrastructure
1. Overview of the pilot infrastructure * The ATLANTIS test center is a proving ground
2. Logistics for marine robots and related technological
3. The coastal testbed solutions.
4. Safety procedures 2 + Located in the city of Viana do Castelo, north -
5. Data sharing U of Portugal. vl
6. Communications & SCC * 60 km from Porto Airport (PT)
7. Legal procedures * 73 km from Vigo Airport (ES)
8. How to apply
ATLANTIS Teut Corar Coustn Tewd

« Twosites:

(a) Coastal testbed, inside the harbor

(b) Offshore testbed, 20km from coast

Coastal Testbed: Facilities

* Located inside the harbor, ina
‘otected area - next to the
local sailing club
* Since the location is public, no
access restrictions apply to this
test site.

*  The Viana sailing
dlub covers most n
needsintermsof )
logistics:

«  Easily accessible by car or train

« Complete infrastructure for
enabling easy deployment

WWW.ATLANTIS-H2020.EU WWW.ATLANTIS-H2020.EU
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Communications & Shore Control Center
(SCC)

Full communications infrastructure at
the users disposal
*  Direct line of sight communication between
the floating structure mounted access point
(which the vehicles can connect to transfer
datato operators) and SCC room.

Offshore Testbed: Overview

Test center users have
access to a windfarm
located 20 km offshore
A support vessel is the
users disposal

‘ i *  Offshoretest center access point connects
Adaconiectionand (which the vehicles operating offshore can
satellite link is available connect to) via 4G or satellite link (charges

+  Subject to access el

restrictions and strict + Internet access across the test sites.

regulations * ROS compatible communications
middleware provided, enabling easy
monitoring using the available systems.

+ TheSCCis a private space where users

can monitor & supervise their
operations.

Deployment Logistics Safety Procedures

Coordinate wih us to Working offshore or even in na harbor is tough and can
amange n

be dangerous

| Trsport equipment
and local sorage o Yna'

ATLANTIS test center is the correct location to perform
oficial and gather b

Ts in loco Contact ciub personnel the equipment
water g 1o use crane or paflet + Nevertheless, to decrease the risk of an accident or
= support ruck to moveldaploy Injury:
quired’ equpment '
* Wear protective gear - helmets and swimming vests are
provided.

* Report hazards to identify problems and implement
correction measures.

Inspect perform
tests to make sure your equipment is working correctly
Promote a safety culture

WWWATLANTIS-H2020.EU

Data Sharing Legal Procedures

« GPDR compliance required

Testing in the Test Centre requires a set of permissions

N : and certifications
Information about experiments

in
. i i JvJ
taking place in the test center are :\;Iq {estsinvohing UAVS (both Coasialand Offshore) — -
confidentlal *  Approvalfrom the Captaincy of Viana do Castelo 4
No personal data shall be collected o :«hm(iunlnlhtwe!me platform, pilot and detais of the v
lght

Any data collected through the
communications middleware (in case
it is used) will be kept in a secure All personnel going Offshore is required to (as
local server with access restrictions —

minimum):
users may control what sensor data is * Have completed the Sea Survival training
logged. *  Ppresent medical aptitude certification (OEUK)

Depending on the activities being performed offshore,
additional training might be required

Support vessels need to be registered with DGRM for C—
the duration of the testing

'*

WWW.ATLANTIS-H2020.EU

How to Apply

To apply to use the ATLANTIS Test Centre send
an email to atlantis.testcentre@inesctec.pt, N
detailing: a4
Technology to be tested, validated or demonstrated

Intended application of the

Which Testbed(s) is the test directed towards

Supporting infrastructures required (support vessel,
divers, etc.)

Size of the team present at the Test Centre

Timeframe within you expect the testing to be A
performed

14 | Pa ge This project has received funding from the European
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Summary

Introduction (description of use case)
Deployment of assets

Operations

Communications & SCC

Problems and observations

voaw N

1. Introduction

AATLS Scenario 1: Aerial inspections of DURIUS

The Atlantic
Testing Platfocrm for
Maritime Robotics

* Case 2- RAVEN UAV (a drone with a wingspan of 1.6 m and 22 Kg of weight).
*  Inspection of DURIUS (NDT activity by visual and 3D

= Autonomous operations (landing the UAV in a floating platform with area of 2x2m).

2. Deployment of assets

Case 2: Deployment of Floating Landing Platforms

There are 2 options available to deploy floating structures (like NEST):

*  Use the crane available at the site (similar to case 1).

*  Use an access ramp to slide the landing platform to the water (if the floating structure has wheels).

The NEST was secured by ropes or trailed to NAUTILUS.

wv

WP4
ATLANTIS Testing Centre training: Use cases

INESC TEC
Andry Pinto
Daniel Campos
Francisco Neves
Hugo Campos
Rafael Claro

WWWATLANTIS-H2020.EU

1. Introduction

« The INESC TEC team was involved in 3 different scenarios. The validation of several robotic
platforms was supported by the infrastructure available in the Coastal Testbed.

AATLS Scenario 2 & 7: Inspection of DURIUS
* Case 1- NAUTILUS ASV (a vessel with 3.0x1.4x1.5m and 130 Kg of weight).

2. Deployment of assets

Case 1: Deployment of NAUTILUS ASV

* Push the ASV to the crane area using the boat trailer;

* The crane available at the test site can lower an ASV;

* Use a support vessel to detach the carabiners;
Note: the support area #1 is an open zone, without obstacles and
with a good visibility to the Test Area.

The recovery of NAUTILUS is made through the same method.

2. Deployment of assets

Case 2: Takeoff and Landing of RAVEN UAV on shore

The takeoff and landing of RAVEN UAV was performed in the
Support area #1.

Note: the support area #1 is an open zone without obstacles and
with a good visibility to the Test Area.

Lis
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3. Operations 3. Operations

Case 1: Inspection of DURIUS with NAUTILUS ASV Case 2: Inspection of DURIUS and autonomous landing of RAVEN UAV in NEST floating platform

NAUTRUS ASV NAUTRUS operating neer DURIUS Autonomous landing of RAVEN on NEST trailed to NAUTILUS RAVEN inspecting DURIUS
Lo o e (ak At lel AL M) (hitps://youtu.be/OpUfcngZYtw) (https://youtu.be/YS8gvIRFZc)

3. Operations 4. Communications & SCC
Mission Monitoring: The vehides were connected to SCC through a portable Mission Controller and over Wi-fi.
Aground station provides the RTK base signal to the vehicles, also through Wi-fi. =
= Support vessel can be used to b The Mission Controller is located at Support aera #1, and Ground Station is located near the Test Area. :

monitor the mission along Test
Area. Best solution for moving
around and close to the DURIUS
structure, and all of the Test
Area. The use of life jacket is
mandatory.

The telemetry of the vehicles was transmitted simultaneously to the SCC of the ATLS Test Centre.

The red areas present high
visibility location for different
perspectives of the Test Area
and of DURIUS structure.
DURIUS structure can be used
as a monitor station. All safety
procedures should be followed
(e.g. helmet and life jacket).

WWW.ATLANTIS-H2020.EU

5. Problems and observations

When a large vessel passes near the Test Area, it creates waves that may interfere with the
vehicles being validated at the surface.

The Test Area is windier in the that may ise UAV

There are a significant number of seagulls near the Test Area that approach UAVs in flight.

Supporting vessels are available on the Coastal TestBed.

On the winter, an halocline can appear around 3m of depth. SONAR measurements can be noisy.

The lighting conditions changes throughout the day requiring to adjust the camera parameters.

The Ground Station was deployed close to the Testing Area to avoid satellite occlusions caused
by the surrounding buildings.

16 | Pa ge This project has received funding from the European
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The Atlantic
| @ HS Testing Platfocm for WpP4
ey Macitime Robotics ATLANTIS Testing Centre training: Use cases
UdG
Pere Ridao

WWWATLANTIS: WWW.ATLANTIS:
Agenda 1. Introduction (description of use case) "
The UdG team has developed two different scenarios to be validated in the ATLANTIS Test
1. Introduction (description of use case) Centre. These scenarios involved each a different latform and some
2. Deployment of assets infrastructure,
3. Operations
4. Communications & SCC n Scenario 1: Autonomous docking of Sparus Il AUV N
8, /Froblemg and obsarvatians : In thisscenarlo the UdG team has used the Sparus | AUV (IQUA Robotics) and a dockingstation 1
— forit, to docking, based on acoustic localization, as —
well as seabed mapping, using a forward looking sonar.
Docking station design and final assembly. Sparus Il AUV
1 TR - ]
ey ~
WWW.ATLANTIS:
1. Introduction (description of use case) 2. Deployment of assets
Scenario 2: Autonomous cathodic protection testing using Girona 1000 I-AUV Scenario 1: Deployment of docking station
In this scenario the UdG team has used the Girona 1000 I-AUV, to perform autonomous cathodic The first step in performing the autonomous docking in the ATLANTIS Test Centre was the
protection testing using its two manipulators - one used as a docking device and second one as deployment of the Sparus Il AUV docking station, with a help of a team of divers.
the main probing manipulator. Unfortunately, it was not possible to complete the trials in the The crane avallable at the site was used to lower the docking
ATLANTIS Testing Centre, although a test rig used successfully in the UdG test tank was installed station to the water, d L/)

in apler.
Fully equipped Girona 1000 1-AUV. Tost g used in the UdG test tank.

ing
station to the water. Then It was transported to the deployment

site using balloons and a RIB.

WWW.ATLANTIS: WWW.ATLANTIS:
2. Deployment of assets 2. Deployment of assets '
Scenario 1: Deployment of docking station Scenario 1: Deployment of Sparus Il AUV
Due to large amount of sediments the feetof the docking Deployment of the AUV was simple thanks to its trolley that is designed to allow releasing the
Docking station on the sea bottom. station were supported with wood planks. robot into the water, as long as there is direct access to the water surface,

The robot was released to the water from the floating pler.

17 | Pa ge This project has received funding from the European
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2. Deployment of assets

Scenario 2: Deployment of Girona 1000 I-AUV

Deployment of the AUV was realised using the crane available in the operational area. It was
supervised from a RIB. Apart from the robot a small cabled buoy was deployed.

" ol o -
WWW.ATLANTIS: e e 3 vt M 71573

2. Deployment of assets

Scenario 2: Deployment of the test rig

The UdG team has decided to bring a test rig, used in the test
tank for the demonstration of manipulation tasks, to the
ATLANTIS Test Centre. It was deployed to the water in the
same manner as the docking station. The panel was then
attached to the wall of a pier.

2. Deployment of assets

Site map

Docking staton

Testrg
Floating pler

|

Scenario 2: Autonomous cathodic protection
testing using Girona 1000 I-AUV

The test rig was installed on the wall of the concrete
pler (1). The robot was deployed using the sailing club
crane (2) and teleoperated close to the test rig. The
autonomous IMR testing was not possible to perform
becasue the panel was not fixed to the wall properly.
The high forces exerted by the water in the pier area,
caused by the water flowing through the holes in the
pier, caused damages to the panel, as well as broke the
ropes holding the panel. It has to be remarked that it
was never designed to be installed in this location.
Moreover, the secondary goal — laser scanning of
anodes — was also not possible to achieve, due to very
high turbidity of water in the area. This turbidity is cause
by large amounts of sediments in the seabed as well as
mixing of the sea water and the water from the river.

WWW.ATLANTIS-

5. Problems and observations

e Sparus Il AUV docking was successfully completed using an inverted USBL configuration
(USBL installed in the vehicle and acoustic transponder installed in the docking station).
Seabed mapping with the forward-looking sonar was completed but the data was hard to
process.
® large changes of sound velocity were detected (around 30 m/s between the surface and In
the bottom). g
It seems that at around 3 m depth there is a halocline related to the mixing of sweet
water from the river and salty water from the ocean.
Dual arm based non-destructive testing with Girona 1000 I-AUV:
o Buoy was not prepared for working.
© Thetest rig was not stable enough in order to work (detached from the pier).
Laser scanning:
o Water turbidity too high for this technology:
® Not possible to calibrate laser at required distances.
= Not possible to obtain measurements with the current mounting place of the
laser scanner.
Setting up communication links between the robots and the SCC room requires planning
and hard to attach the / A

WWWATLANTIS-

3. Operations

Scenario 1: Autonomous docking of Sparus Il

The docking station was Installed in the site, close
to the end of the concrete pier (1). The Sparus Il
AUV was deployed from a floating pier of the
sailing club (2), usingits trolley and single person
operable release system. The robot was
teleoperated in the surface to the test site, to
reach close the docking station deployment site.
Sparus Il AUV performed multiple autonomous
docking, undocking and seabed surveys in the
area (3). The docking algorithm was able to deal
with elevated navigation erros, occuring due to
rapid changes in salinity (mixing of water of the
ocean and the river). The robot could operate
sucessfullyin the highly turbid water becasue it

layi pletely on acoustic d
the camera system was only used for recording
the mission.

4. Communications & SCC

® Vehicle to SCCcommunication realised through a network of Ubiquity Bullet devices:

© Both vehicles equipped with an onboard antenna and a cabled buoy with a second antenna

on the buoy (see map, point 1).

o Amiddle point Bullet station deployed in the pier (see map, point 2).

© The final antenna installed in the window of the SCC room (see map, point 3). .

© Communications passing from vehicles, through the pier antenna to the SCC room antenna. ..
® SCCdevelopments:

© Transmitting telemetry from both vehicles simultaneously to the web APP.

© Receiving basic commands from the web APP to the AUV.

]
ettt receved N o the Gcpesn -

I .
| 3. Operations
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5.4. Use cases: IQUA Robotics

Testing Platform for

Agenda

Introduction (description of use case)
Deployment of assets

Operations

Communications & SCC

Problems and observations

naWNE

1. Introduction (description of use case)

Robot platform:
For the ATLANTIS project, Iqua uses the Girona 1000 AUV.
Girona 1000 AUV.

Very stable roll and pitch DoFs.
Large and flexible payload area
and connectivity.

High processing power.
Accurate localization using GPS,
DVLand INS.

1. Introduction (description of use case)

Iqua algorithm proposal:
The autonomous exploration is divided in two main stages:

Stage 1: Assessment Stage 2: Inspection

WpP4
ATLANTIS Coastal Testbed training: Use cases

Iqua Robotics

1. Introduction (description of use case)

Problem description:
The main focus of Iqua in the ATLANTIS project is the development of algorithms for
i ion of submer ion of windfloat
Windfloat structure. Typical windfloat anchoring.
oy
[——

1. Introduction (description of use case)

Iqua payload proposal:
The payload developed by Iqua includes a multibeam sonar, two optical cameras and a pan/tilt
device. The multibeam sonar and one of the optical cameras can be tilted using the pan/tilt
device.

I 1l
Up
DW"-

WWW.ATLANTIS-

Pan/tilt
device *

Side
camera

1. Introduction (description of use case)
Prior tests:

Prior to the testing in the ATLANTIS Coastal Testbed in Portugal, Iqua tested the algorithm in two
scenarios near Girona.

Natural islet.

19| Page
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1. Introduction (description of use case)
Prior tests:

Prior to the testing in the ATLANTIS Coastal Testbed in Portugal, Iqua tested the algorithm in two
scenarios near Girona.

2. Deployment of assets

ATLANTIS Coastal Testbed map.

Floating

structure

Containers (Iqua
control station)

2. Deployment of assets
Deployment of Girona 1000 AUV:

Deployment of the AUV was realised using the crane available in the operational area. In
addition to the robot, a small cabled buoy was deployed to maintain communication when the
robotis underwater.

Deployment using the crane. Robot release and cable buoy deployment.

recehet g o he Ersesn

3. Operations
Autonomous exploration of the floating structure:

The dual-step autonomous exploration of the floating structure consisted in performing a full
turn around the structure at a moderate distance (assessment stage)...

Buoys around the floating structure. Girona 1000 performing the assessment stage. N

Rrplanned vawetory to

20| Page

This project has received funding from the European
Union’s
programme, under the Grant Agreement no. 871571.

1. Introduction (description of use case)
Prior tests:

Prior to the testing in the ATLANTIS Coastal Testbed in Portugal, Iqua tested the algorithm in two
scenarios near Girona.

Breakwater structure reconstruction. wn

2. Deployment of assets
Control station location and communications setup:

The Girona 1000 control station computers were located inside the provided containers. A
battery powered Wi-Fi antenna was used as an intermediate connection point between the
control station and the robot.

Girona 1000 control centre. Battery powered Wi-Fi antenna.

3. Operations
of the

The dual-step autonomous exploration of the floating structure consisted in performinga full
turn around the structure at a moderate distance (assessment stage)...

Girona 1000 near the floating 0
structure. v

3. Operations
of the

..and then a close inspection of the structure, gathering optical images and higher resolution
ooccupancy data (inspection stage).

Girona 1000 performing the inspection stage. )

Horizon 2020 research and innovation
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3. Operations

of the

..and then a close inspection of the structure, gathering optical images and higher resolution
occupancy data (inspection stage).

Testing Platform for

3. Operations
of the

..and then a close inspection of the structure, gathering optical images and higher resolution
ooccupancy data (inspection stage).

Occupancy data gathered during both stages. n Visibility at 1 meter from the floating structure. 7]
To e s recied g ot Bpmse
e s
3. Operations 4. Communications & SCC
Payload alternative configuration: SCCintegration:
A second configuration was tested, with the multibeam scanning horizontally instead of The SCC (Supervisory Control Centre) sends commands to (and receives data from) the
vertically. In this configuration, only the side camera was used. The goal was to avoid stopping different assets in the infrastructure.
at each waypoint. However, less occupancy data is gathered when using this configuration. SCC and assets reprasentation. o Vehicle to SCC communication realised
Muktibeam 90 degrees right configuration. Multibeam 45 degrees front/left configuration. i {ﬁ through a network of Ubiquiti Bullet devices 7))

By — -
i e e gy e WO 3157

5. Problems and observations

® The

able to navigate and at close range of the structure, while

building and map, and using it to feed the path planning
algorithm to avoid unexpected obstacles such as small buoys that were present on the site.

© The poor visibility during the peri itimpossible to cap ptical images of sufficient
quality to perform a reconstruction of the submerged part of the structure.

In the Coastal Testbed, water current did not cause control issues to Girona 1000.

The battery powered Wi-Fi antenna proved very useful in providing connectivity with the robot in

the different Coastal Testbed areas.

The floating structure was not static. Due to the wind and the tide, several meters of movement

can be expected. In some cases, the movement was enough to cause the plan generated in the

assessment part to become invalid for the inspection part. The algorithm should be more robust

against windfloat movement.

The lack of direct visibility from the main SCC room and the floating structure area led to the

decision of installing the Girona 1000 control station in the provided containers. The containers did

not have wired internet connection. This meant that the integration with the SCC had to be done

through a 4G dongle, which had a tendency to fail periodically.

While the inspection of the floating structure of the Coastal Testbed is representative of the

industry needs, the fact that the floating structure is only submerged 3 meters makes it difficult to

test truly 3D inspection strategies.
o s g e e -
e ke Gt agreeman OIS

.

WWW.ATLANTIS-
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and a 4G dongle.
The acoustic modem bandwidth was taken
into consideration: the bandwidth was
severely restricted to simulate what will
happen when the modem is used.

SCC developments:

Transmitting telemetry from the vehicle
to the web APP.

Mission integration and programming
through the SCC.

Receiving basic commands from the web
APP to the Girona 1000 AUV.

T e e g o the Girpnan -
e i g stresmert s 715
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5.5. Use cases: RINA

Testing Platform for

WWWATLANTIS-H2020.EU

WP4
ATLANTIS Testing Centre training: Use cases

RINA Services SpA
Roberta Amato
Antonio De Lorenzo

WWWATLANTIS-H2020.EU

1. Introduction (description of use case)
2. Deployment of assets

3. Operations

4. communications & SCC

5. Problems and observations

WWWATLANTIS-H2020,EU

1. Introduction

Rina Services team has planned one scenario for ATLANTIS Test Centre.
This scenario involves Unmanned Aerial Vehicle (UAV) for Floating Structure Inspection

Scenario 1: Asset Inspection (Floating Structure - Above Sea Level)

In this scenario has been planned an
inspection of Floating Structure (above
sea level section) using a drone that
supports 4K optics and thermographic
sensors to verify the condition,
construction, and integrity of the
structure through thermographic and
visual analysis.

The Main Objective is calibration and
Data collection of Floating Structure

WWWATLANTIS-H2020.EU

2. Deployment of assets

Unmanned Aerial Vehicle (UAV) can start the
Inspection from operational area identified.

No specific Requirements shall be complied.
No lifting equipment are required

Pilot will operate from this operational area
for all duration

S-112020,EU

3. Operations

o+

Flight testing and compliance of safety and control systems: Functional test before and during
the mission

Test of optics and thermographic sensors

Wind resistance and stability during flight operations

Electromagnetic fields interference

Test of Control signal (long distance ~7-8 km)

Capture of details (components data of installed structure are acquired)

Verification of semi submergible structure (visual analysis)

(*) Check weather condition during activity
(**) Check battery and signal level during activity

WWWATLANTIS-H2020.EU

3. Operations

Operation: Video 18389

itis

WWWATLANTIS-H2020.EU

3. Operations

Before to start:

Verification of insurance documentation of vehicles and pilot certificates
Weather forecast monitoring before and during the mission
Notify to Remote Surveillance Unit Start/End of the Inspection Works
Breafing Pre-flight With other Team Members
Check Installation Micro Sd Card
Check Battery Installation (Check Full Charge)
Check The Planned Route
Flight Mode Switch (On Desired Position)
Preflight-check: Before departure UAV shall be tested and checked according to supplier's
guidelines
Control of Possible External Interference
Home Point Check (Take-off Point)

22| Page
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4. Communications & SCC

5. Probl and obser

® |nterference during inspection due to the presence of gulls.

® The communication provide the ability to monitor all the mission (state of vehicle, ® Installation of ultrasonic bollards can be a solution

position, battery status, etc).
Interference is not captured with a
detailed picture but in the area, there

@ For autonomous Drone, even if the vehicle has its level of autonomy, the Portuguese Law U’] are a lot of gulls. U)

requires that the vehicle must be in line of sight with the operator. B

WWWATLANTIS-H2020.EU

WWWATLANTIS-H2020.EU
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5.6. Use cases: ECA

P4
ATLANTIS Testing Centre training: Use cases

ECA
Fabrice CALDERONI
WWWATLANTIS: WWWATLANTIS:
Agenda

1. Introduction
. Introduction (description of use case)
. Deployment of equipment

During these trials ECA is involved into the scenario 1 : inspection of the floating structure and NOT
1

2

3. Operations

4

5.

measurements.
These tests were the first sea trials of the Roving Batand were mainly focused on navigation of the vehicle
. Communications & SCC

and its attachment on the floating structure. The purpose was to demonstrate the functionalities of the
new technologies deployed and the future ability to operate in offshore conditions.
. Problems and observations

For these trials the Roving Bat was equipped with 3 full HD TV cameras, a rotating sonar, a 7-axis

manipulator fitted with a cleaning brush and a CP probe and — as a payload - the MARESye 3D camera
designed by Inesctec.

Roving Bat MK3 before triaks and during coastal trials

1000V / 8KW embedded power
converter

2. Deploy of the

y

1
2. Deploy of the sy
Launching and recovery of the Roving Bat Launching and recovery of the Roving Bat
The Roving Bat was deployed by the mean of the crane present in the facilties of the Coastal Testbed of the During these operations the umbilical cable needs to be monitored to avoid entrapping on the different floating
ATLANTIS Test Centre. The launching and the recovery uses a latch lock system installed on both ROV and
umbilical cable

structures present on the site. Fortunately the umbilical cable is floating and visible even during bad
meteorological conditions. The sonar installed on the ROV is used to pilot to the floating structure

The crane available at the site was used to lower Launching and the recovery using the latch lock system
the Roving Bat on the water.

sk Sonar screen used during the navigation phase

3. Inspection of the floatting structure
Inspection of the floatting struture

4. Roving Bat landing operation

During all the trials the HD videos and sonar images were recorded on a PC, but due to the water

Due to the slope and lack of depth of the floating structure, only attachment on the walls of the
turbidity the cameras need to be close to the structure to take significant images

quay was performed. Once sticked on the structure

Main view of the control screen used by the pilot. Real time 30 position of the 7 manipulator

the
and NDT measurement are possible.
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5. Inspection of the floatting structure

:Some pictures the videos of the Full HD inspection camera
(showing the important amount of concrete on the floatting structure during trials)

WWW.ATLANTIS:

5. Inspection of the floatting structure
Cleaning and NDT

Deployment of the manipulator equipped with the CP Probe and a soft brush. These operations
suppose that the anode to measure are in correct condition and not covered by a big amount of
concrete

6. Test of the 3D camera

The i and the the MARESy with the were perfor ing some
predefines objectimmersed near the ROV. This camera will be used on the structures of
windfarm for 3D object reconstitution on the field during maintenance operations

7. Success and fails

Integration and the calibration the MARESye camera were successfully performed and
tested using some predefines objectimmersed near the ROV
Finalization of the communication link between the Roving Bat system and the SCCin
order to allow the remote reception of images
The manipulator, the cleaning brush and the CP probe were functional but not
operational because the Roving Bat could not be placed correctly on a vertical structure
Correct working of all the power system and correct behavior of the umbilical cable
2 main breakdown during these trials :

- Lack of the crawlers control

- Lack of one vertical thruster control
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6. Communications & SCC

During the week we also have finalized the communication link between the Roving Bat system and
the SCCin order to allow the remote reception of images and the future interoperability from the
shore.

1- Floating structure

2- Roving Bat

3- Umbilical cable

4-20 ft Container for Control unit/ pilot
5- Wifi transmission from CCU to SCC
6-SCC

7- crane for launching and recovery

7. Problems and observations

Poor visibility due to the water turbidity

Bad weather at the beginning of the week

Large tides making some times lauching and recovery more difficult

Management of the umbilical cable not easy due to the different floating structures
present on the site

Use of a generator to delivered the necessary power for both 400Vac and 230Vac
electrical supplies was correct

Good support by Inesctec teams and the personnel of the site

Horizon 2020 research and innovation
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5.7. Supporting technologies: SCC (SpaceApps)

WP 4
: " SUPERVISORY CONTROL
MACIEI oboeies CENTER

Space Application Services
Lilian DURAND,
Shashank GOVINDARAJ

WWW.ATLANTIS-H2020.EU WWW.ATLANTIS-H2020.EU

AGENDA SCC INSTALLATION
* SCC Instalation

* Interoperability

* Robots monitoring

* Robots commanding

* Automated mission planning
* Onsite integration

« Offshore integration

« The SCC was installed on-site at Viana Do Costello.
« External access provided using a VPN.
v g

INTEROPERABILITY MONITORING

* Robot status, Live and historical data
« Robots are integrated to the SCC using a CPP interoperability library. * Telemetries : Odometry, Numerical, imagery, GPS, video, joint states

« The interop can be be used to monitor
and command robots.

« Compatible with aerial, ground and e
marine vehicles. e

« Secure DDS data exchange.

MONITORING COMMANDING

« Action goals and targets
* Move commands

* Swtich commands

* Numerical targets

* Follow path commands

* 3D visualization
* Odometry on local map
* URDF compatible
* Robot joint states

'WATLANTIS-HZ020.EU

ATLANTIS-H2020.EU
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MISSION PLANNING

* Multi-robots mission configuration
* GIS based view

* Interactive map

* Task planning automation

* Path planning automation

* Coordinated mission plans

* Time based synchronization

Testing Platform for

MISSION PLANNING

* Synchronized deployment on
robots

* Mission plan exection monitoring

* Combined with robot monitoring
views

ONSITE INTEGRATION

* Robots were
integrated onsite
with the SCC.

+ Drones, AUVS, ROVs
integrated
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OFFSHORE INTEGRATION

* Robots connetion to the SCC through VPN
* SCC accessibile through VPN
* Robot monitoring from the SCC onsite

This project has received funding from the European
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wWpr4
ATLANTIS testing centre training: use cases

vIT

Jari Halme
Jussi Martio
Eeva Mikkola
Samuli Eskola

. IIkka Perald
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Summary 1. INTRODUCTION

Virtualization of the Coastal Testbed for predictive maintenance

1. Introduction (description of use case) analytics

2. Coastal Testbed Instrdmentation n OVERVIEW OF COASTAL TESTBED DATA SOURCES T
3. Operations — Overview of excitation & response o ) . ) S
4. Virtualization of the Coastal Testbed (Av:::::s::h::::ﬁ:::‘":ﬂ” COASTAL TESTBED

5. 0&M module for predictive maintenance Structure instrumentation Robot inspection

6. Problems and observations Bis robot sensor data (pictures, m API Clent
videos, location, etc.)

i le
Cis textual information (state c
detection, operation limits, inspection 0&M module —
API Client o —
work order requests, etc.) o -—
o

D is mission and historical data from

SCC database (DB). This training material focuses on external data,

virtualization and 0&M module.

WWW.ATLANTIS-H2020.EU

2. COASTAL TESTBED INSTRUMENTATION 2. COASTAL TESTBED INSTRUMENTATION
Overview of external data instrumentation s e = %
CTB seen from above MEASUREMENTS 1/3 B
) Postve rotstin
: drecton
[Measurement _Location ___[Name __[unit [Fsihzl [other [}
Vibration scc * 3 CTB outer drce 1secX V2 . 200 sensor range +/- 15§ )
Vibration acc * 3 T8 outer drcle 2 8 X, Y, 2 [ 200 sensor range +/-4g
Vibration ace * 3 CT8 outer circle 280X Y2 . 200 sensor range +/- 12
Vibration acc * 3 CT8 Inner crde SBG_ACCELX, X Z mfs2 100
Velocty T8 inner crce $8G_GPS_VEL DOWN w10
CTB inner crcle. $8G_PITCH, ROLL, YAW Deg 10
CT8 inner crcle $8G_ROT.X, ¥.2 Degfs 10
Zdownwards (right hand rule) WWW.ATLANTIS-H2020.EU

2. COASTAL TESTBED INSTRUMENTATION

2. COASTAL TESTBED INSTRUMENTATION

MEASUREMENTS 2/3 15 “

MEASUREMENTS 3/3

s Posithe rotation
z diection
Web video stream for wave and status monitoring
T8 iner cirde S8G_SHIPMOTION HEAVE, m 10
SWAY
CTB inner circle SIG_SHIPMOTION VELX, ¥, m/s 10
z

CT8 inne circle $86_TRUE HEADING GPS  Deg 10
CTB outer circle wind_direction Dg 10 360/0 degrees points Nacth
CTB outer ircle wind_freq w10
T8 outer crcle wind_speed_mps ms 10

Atsessbout2mfromCTB  Wave buoy heave, north  on 128 Ownanchor to the sea bottom
_west

wave set at the wave buoy and the CTB

WWW.ATLANTIS-H2020.EU
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3. OPERATIONS - OVERVIEW OF EXCITATION & RESPONSE

Excitation side

Wave, (wind, tide, currents) Response side

Acc, rotation, swinging, ...
Wave buoy

CTB has a separate anchoring

3. OPERATIONS - OVERVIEW OF EXCITATION & RESPONSE

e 2c2c3 o0

% [ mewwvmwww

Wave heave

Response
Spectrograms of
incinations

0.07 Hz

Potential 15t
natural
frequency

0.07 Hz

Tt

5. O&M MODULE FOR PREDICTIVE MAINTENANCE

Foilure probability

Coastal test bed (CTB) — VTT measurement, modelling

and analytics

Objectives:

 Stochastics loading analytics for deterministic decision
making - e.g. deploy of robots for il i

+ Simulation model development for wave loading
estimations - e.g. critical loadings and movements &
operation criteria

Utilization for Coastal Testbed related demonstrations:

+ Operation limits for the maintenance (e.g. state of
motions at different locations of the test bed).

Suitability to operate &
maintenance estimations

WWW.ATLANTIS-H2020.EU

3. OPERATIONS - OVERVIEW OF EXCITATION & RESPONSE

002200012

Wave heave E » IWWM&MWWWWEH

s mmn

Response a0 v
Inclinations

WWW.ATLANTIS-H245 h

4. VIRTUALIZATION OF THE COASTAL TESTBED

Fluid-Structure Interaction simulation (DT)
Two objectives

* Short and long term predictions for loads
and stresses in structure (3 hours - life
time)

+ Operative criteria/limits for wind turbine
Tools such as
* Ansys AQWA -> Ansys Mechanical

* Ansys FLUENT, OpenFOAM -> Ansys
Mechanical ' e

Are used for both frequency and time domain
solutions

WWW.ATLANTIS-HZ020.EU

6. PROBLEMS AND OBSERVATIONS

* The wave conditions at the Coastal Testbed are calm -> the floating
structure motions are small

* Power outages and other interruptions in power supply resulted in
breaks in data measurements. Batteries and automatic turnon in
measurements proved very useful

* As the Testbed is in a harbour, remote connection to measurements is
easy to arrange

* Various support from the local hosts were asked multible times, and
got with rapid response ©

v

WWW.ATLANTIS-H2020,EU
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