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= RAMI: Robotics for Asset Maintenance and Inspection

= One of the four challenge-led robotic competitions of METRICS
European project

= Focus on Inspection and Maintenance

= Dual domain competition:
1. Aerial (Physical & virtual) @ CATEC (Spain)
2. Marine (Physical & virtual) @ CMRE (ltaly)

» METRICS: Metrological Evaluation and Testing of Robots in
International Competitions

= QOrganize robotics competitions as reproducible and objective
evaluation campaigns

= Four priority areas identified by the European Commission.
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" | for Marine Robots

OBJECTIVES A e

= Advance the state of the art of autonomous vehiclesina © s = . | . /@
realistic underwater Oil&Gas scenario La Spezia | = IR Ll e S|

= Benchmark robotic systems. ' ‘ o el

» Encourage young people today to participate to STEM B — =
programmes to develop the high-tech workforce of | i
tomorrow

» Prepare young engineers and scientists by boosting
their technical, problem-solving and managerial
capabilities

= Foster ties between young engineers and the
organizations involved in robotics.
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RAR/II for Marine Robots

= Qrganized by the NATO STO Centre for Maritime Research ;/‘f':-_; Al h\\ A
and Experimentation (CMRE) at La Spezia, Italy =y B | | ' ,._ﬂ
= Real-World Challenges for AUVs in an Oil&Gas mock-up ~ LaSpezia ' =+ FL Ll i S |

scenario. &

= 2nd Field Evaluation Campaign(16-21 July 2023): | T
= Competition area: protected sea water basin 50 m x 50 m with a e
depth of ~4 m
» Realistic I&M environment

= Advanced perception, autonomous decision-making and
manipulation capabilities required

= 2nd Cascade Evaluation Campaign (June 2023):
= Use a given dataset of marine OPIs to develop novel algorithms
= Favors improvements on perception and navigation solutions
= Involve communities in marine events (Al)
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Robotics Competitions at CMRE since 2010

euRathlon Grand Challenge

= First world's competition with
cooperative land, marine and
aerial robots

= |nspired by Fukushima disaster

= Held at Piombino power plant

ERL Emergency

(2018-2019)

= Marine and land domains

= Simulated Harbour disaster
@CMRE basin

~‘ ~
~
7

SAUC | D W7t |

la spezia, italy I_ E F
S Brought to you by SPARC _

PAONRS)

JAEMJ?IASUROC

Student Autonomous Underwater

3 ) European Robotics EUROPEAN RAMI Competition
Chs:::gz di;r;ﬁe (SAUC-E) League (ERL) E‘EDFBOT'CS » Marine domain
. i [ ’ _ . .
n Land’ marine and aerial — Focus on Inspectlon &

= Realistic underwater competition,
set in a real sea water basin

= Targeting students

domains Maintenance

= Held at Piombino power = @CMRE basin
plant
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Organlsatlon of the second Field campaign
. 5 R - 4t OPIs are located I theeninHitRIBABRR GBI aHI IR £ {E&betition)

tasks in a simulated but realistic environment with the following user
story: = OPIs in competition arena:

A gas&oil offshore
has been reported
‘ ' From what is kno
[..ff}‘g.z....’ff‘.’,"1;‘.'4'.5&. ...... ““" ........ | o | occur soon. A roboties e derwat AUVS) 1S

o ready to intervene e area and interverﬁa%ﬂ% ?nei%% siote |

|- O Startz (orange buoy) |
' Coloured buoys
valve to close and a ring-polg

|n5|de 1 m from

O i O T T s the leak
""""?'"M;E.;d[é{&;ﬁ """"""" T "“. """""
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RAMI Field Competition : Structure
Aren;az—areafor p:racticei hhanipul;tion cosnsole H:Hﬁcmﬂmmylﬁkﬂml(m (FBMS) .
------- R L L 10m
s am Start2 (orangje buoy); msii?dr::iaf::)m " FFBM]- - mﬂppm@amam'ecuon
| seword | Sector2 e bupy »  Srdatecaoat iawigatdrite damageeharea
Manipullationé gtartl(;ranget;uoy) . %mimgmlmommmemmﬁm@maon)
Wi haae SRR buspest the Pipeline
= FBM2 - Gitpoieteioctmmthe pipeline structure:
3m e " XXebeskdNawWostitie Dataage (staying in touch with
= Bhisgipe Stateseatime)
s » RigetidReCrgpufroize Mamimr ainohodyestlagiBiemek
20m diugabbrdeteddcbbokysound)
i} FB|\/E’>IO§?IES %Yg\% QR .console, grab and bring a
B%%fu 3f" %Iack number over the

TBMﬁanimrtmletecmmm at the plant:
=  QObjabiRecDBNtomdPBINI@N and object instance

50 m
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Participant Teams

L1

UNIFI Robotics
Team from
University of
Firenze (ltaly) -
long experience in
our events

ITU AUV TEAM

from Istanbul

Technical

#| University
(Turkey)- first

participation

OUBOT Team from
Obuda University
(Hungary) -
experience in past
competitions, second
with their AUV

Nautilus
Team from
ESTACA
(France) -
first
participation

TEAM ERGO
from
University of
Pisa (ltaly) -
mainly used
the area for
testing




NS  SCIENCE & TECHNOLOGY ORGANIZATION
N ZRIPSANY  CENTRE FOR MARITIME RESEARCH & EXPERIMENTATION

Centre for Maritime

Resea.r:h & W
Experimentation “ s
La I CHND

RAR/II Field Competition : Results (1)

« (Good results in autonomous navigation, mapping and intervention: first results in real-
time perception and autonomous behaviors (1 team)

pRde, =0

« Good results from rookie team — ITU AUV Team, winner of SAUV-C in Singapore

» Further work is needed in real-time perception and autonomy — cascade campaigns can

help...
First
reaction), classification, idenftification and NN T
localization for a yellow buoy with related  Estimated position by UNIFI Robotics - _
autonomous behaviour and post-processing Team and groundtruth for the four Mosaicking of the area. the

identification of other 3 buoys (UNIFI) buoys, 2 red and 2 yellow. structures are visible
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RAM I Cascade Competition

= 2nd Cascade evaluation campaign launched in June
= Focus on OPIs perception, detection, classification, identification and localization Tasks
= Created Dataset of 6 different classes of OPIs - a new class (manipulation multiple OPIs images) added

colored buoys numbers on pipes number on console red marker on pipe  manipulation console no OPIs

» Enriched Training set provided to teams using a Docker image
» Teams’ software evaluated on a validation set of images

- e

Image of the Blurring for noise Filtering the colour Floodfill to fill holes in Usingacircleto  Computing the centroid
evaluation reduction and passing to the recognized shape  circumscribe the blob
data-set HSV value images
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RAMI Cascade Competition: Results (1)

Team ERGO-UNIPI Number Achieved Achieved Achieved Total
of score on score on score on scoring

images | classificatio | identification centroid
n computation

12/12 12/12 36/36
(100.0%)

Class 2 (number on 3 9/9 3/9 9/9 21/27
pipes (77.8%)

Class 3 (black numbers 4 12/12 8/14 12/12 32/38
on red background (84.2%)

Class 4 (red marker) 2 6/6 6/6 12/12
(100%)

Class 5 (manipulation 3 8/12 4/8 6/12 18/32
console objects (56.3%)

Class 5 (no OPls) 4 4/4 4/4
N0%
20 51/55 27143 45/51 123/14
(92.7%) (62.8%) (88.2%) (82.6%)
+ Teams were scored on 20 images concerning classification, identification and OPI’s centroid computation.

* Results are encouraging, showing good capabilities for the software to generalise the original training dataset (the “8” number):

good classification, to improve identification (including in class 5).
»  Further work has to be done to support teams in making their algorithms more robust and effective on a larger range of images

and in images containing multiple OPlIs. /




NS  SCIENCE & TECHNOLOGY ORGANIZATION
N ZRIPSANY  CENTRE FOR MARITIME RESEARCH & EXPERIMENTATION

eeeeee for Maritime

Research & w
Experimentation \‘ : I
La Spezia | Italy B

C I -

= Successful launch of 2nd RAMI competition to foster autonomy and robotics in 1&M missions for
Oil&Gas scenarios

* [ncreasing interest in the community

= Positive feedbacks from Teams

» Results shows good performance in autonomous navigation, mapping and imaging

= Further work is needed for real-time perception and autonomy

= (Cascade competition can help by improving teams perception software

= Difficulties in attracting and supporting teams

Future work & Suggestions

= Need of funding for travel and for supporting team participation
* Need to involve academia more deeply

* Funding model

* RAMI25 Organisation in progress at CMRE
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