
SCIENCE & TECHNOLOGY ORGANIZATION

CENTRE FOR MARITIME RESEARCH & EXPERIMENTATION

RAMI23: an Inspection & Maintenance 
Robotics Challenge to Form the New 
Generation of Marine Scientists and 

Engineers

Alessandro Faggiani, Gabriele Ferri 

NATO STO-CMRE 

alessandro.faggiani@cmre.nato.int

This work has been supported by 

the METRICS EU H2020 project,

grant agreement No 871252.



SCIENCE & TECHNOLOGY ORGANIZATION

CENTRE FOR MARITIME RESEARCH & EXPERIMENTATION

What is RAMI
 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 (Italy)

 METRICS: Metrological Evaluation and Testing of Robots in 

International Competitions

 Organize robotics competitions as reproducible and objective 

evaluation campaigns

 Four priority areas identified by the European Commission.
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RAMI for Marine Robots
OBJECTIVES

 Advance the state of the art of autonomous vehicles in a 
realistic underwater Oil&Gas scenario

 Benchmark robotic systems.

 Encourage young people today to participate to STEM 
programmes to develop the high-tech workforce of 
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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RAMI for Marine Robots

 Organized by the NATO STO Centre for Maritime Research 
and Experimentation (CMRE) at La Spezia, Italy

 Real-World Challenges for AUVs in an Oil&Gas mock-up 
scenario.

 2nd Field Evaluation Campaign(16-21 July 2023): 

 Competition area: protected sea water basin 50 m x 50 m with a 
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 (AI) 
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Robotics Competitions at CMRE since 2010

euRathlon Grand Challenge 

 First world's competition with 

cooperative land, marine and 

aerial robots 

 Inspired by Fukushima disaster 

 Held at Piombino power plant

European Robotics 

League (ERL)

 Land, marine and aerial

domains

 Held at Piombino power 

plant

ERL Emergency 

(2018-2019)

 Marine and land domains

 Simulated Harbour disaster 

@CMRE basin

2019

RAMI Competition

 Marine domain

 Focus on Inspection & 

Maintenance 

 @CMRE basin

2022/202320152010 2017

Student Autonomous Underwater 

Challenge- Europe (SAUC-E) 

 Marine domain

 Realistic underwater competition, 

set in a real sea water basin

 Targeting students
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Organisation of the second Field campaign 
 2 arenas built (one for practice and one for competition)

 OPIs in competition arena:

Coloured buoys 

Area

(represent the 

leak)

OPIs are located in the area to create Inspection&Maintenance (I&M) 

tasks in a simulated but realistic environment with the following user 

story:

A gas&oil offshore site has to be investigated after that a  malfunction 

has been reported by the plant safety systems

From what is known, a pipeline has started leaking and an explosion may 

occur soon. A robotics team composed of underwater robots (AUVs) is 

ready to intervene to inspect the area and intervene on the plant to stop 

the leak.

Red Marker 

(the damage on 

the pipe)

Manipulation console with a 

black number to recognize, a 

valve to close and a ring-pole 

to pick and bring to the 

surface
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RAMI Field Competition : Structure

Task Benchmarks Tasks (TBMs) :

 TBM1 - Pipeline area inspection: 

 Autonomous navigation to damaged area

 Identification of the oil plume (map buoys position)

 Inspect the Pipeline

 TBM2 - Intervention on the pipeline structure:

 Assess entity of the damage (staying in touch with 

one pipe for some time)

 Reach and recognize Manipulation console (Black 

Number on red background)

 Close the valve on the console, grab and bring a 

pole-ring on the surface

 TBM3 - Complete mission at the plant:

 Combines TBM1 and TBM2

Functionality Benchmarks Tasks (FBMs) :

 FBM1 - Mapping the area:

 Create a metric map of the buoy area 

 Object Recognition- images and positions of the 

buoys

 FBM2 - Object detection:

 Vehicle Navigation Data

 Mission Status Data

 Object Recognition - Position and object instance 

of each detected buoys

 FBM3 -Shape recognition:

 Produce images of the black number over the 

manipulation console

 Object Recognition - Position and object instance



SCIENCE & TECHNOLOGY ORGANIZATION

CENTRE FOR MARITIME RESEARCH & EXPERIMENTATION

Participant Teams

Nautilus 

Team from 

ESTACA 

(France) –

first 

participation

UNIFI Robotics 

Team from 

University of 

Firenze (Italy) –

long experience in 

our events

OUBOT Team from 

Obuda University 

(Hungary) –

experience in past 

competitions, second 

with their AUV

ITU AUV TEAM 

from Istanbul 

Technical 

University 

(Turkey)– first 

participation

TEAM ERGO 

from 

University of 

Pisa (Italy) –

mainly used 

the area for 

testing
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RAMI Field Competition : Results (I)

Mosaicking of the area: the 

structures are visible

Imaging of the manipulation console 

Estimated position by UNIFI Robotics 

Team and groundtruth for the four 

buoys, 2 red and 2 yellow.

First time - real-time detection (1 buoy and 

reaction), classification, identification and 

localization for a yellow buoy  with related 

autonomous behaviour and post-processing 

identification of other 3 buoys (UNIFI)

• Good results in autonomous navigation, mapping and intervention: first results in real-

time perception and autonomous behaviors (1 team)

• 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…
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RAMI Cascade Competition

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

 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 

 Enriched Training set provided to teams using a Docker image 

 Teams’ software evaluated on a validation set of images

manipulation console
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RAMI Cascade Competition: Results (I)
Team ERGO-UNIPI Number 

of 

images

Achieved 

score on 

classificatio

n

Achieved 

score on 

identification

Achieved 

score on 

centroid 

computation

Total

scoring

Class 1 (buoy) 4 12/12 12/12 12/12 36/36

(100.0%)

Class 2 (number on 

pipes)

3 9/9 3/9 9/9 21/27 

(77.8%)

Class 3 (black numbers 

on red background)

4 12/12 8/14 12/12 32/38

(84.2%)

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

(100%)

Class 5 (manipulation 

console objects)

3 8/12 4/8 6/12 18/32 

(56.3%)

Class 5 (no OPIs) 4 4/4 4/4

(100%)

Total 20 51/55 

(92.7%)

27/43

(62.8%)

45/51

(88.2%)

123/149

(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 OPIs.
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Conclusions

 Successful launch of 2nd RAMI competition to foster autonomy and robotics in I&M missions for 

Oil&Gas scenarios

 Increasing 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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