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1. INTRODUCTION

International
interdisciplinary field workshop
of maritime robotics and applications

BREAKING
THE SURFACE

- BTS

Biograd na Moru, Croatia

27th September - 4 October 2020

The Breaking the Surface 2020 was held from 27th September until 4th October in Biograd na Moru,
Croatia and more than 85 people participated (on-site and online). BTS 2020 was held in a hybrid
format with a small set of lectures held virtually and part of the lectures streamed online. The
program was divided in three program tracks: lectures, PhD presentations and one roundtable. In
five days, ten lectures, ten PhD presentations, one roundtable, four demonstrations and six tutorials
were presented.

Dates: 27" September — 4™ October 2020
Location: Biograd na Moru, Croatia

Website:

2. REPORT ORGANIZATION

The first part of the report describes the BtS 2020 organization, including the work program. The
deliverable is accompanied with abstracts, biographies, and presentations of the program
presenters:

3. ABOUT BREAKING THE SURFACE

Breaking the Surface - BtS summer school has been organized by UNIZG FER LABUST for the last 10
years — first three years as a part of FP7-REGPOT CURE project, while in the following years with
Office of Naval Research Global support. During the years, BtS served as a meeting place of experts
and students of marine robotics and the marine robotics application areas such as marine biology,
marine archaeology, marine security, oceanography, marine geology, and oceanology. This is the
world’s first successful, multi-year field training program that combines academic topics in marine


http://bts.fer.hr/

robotics and robotics application areas and hands-on working experience in the sea, doing remote
sensing and sampling for various ocean sciences.

The program is organized in the form of plenary talks, hands-on tutorials and demonstrations of
marine technologies, e.g. marine robotics (MAROB, marine biology and marine nature protection
(MARBIO), maritime, nautical and ship archaeology (MARCH), oceanography (OCEAN), and company
presentations

BTS2020 IN NUMBERS:

06000

1

COUNTRIES ATTENDEES LECTURES  PhD PRESENTATIONS  VEHICLES SOCIAL EVENT
(IRL)

4. ORGANIZERS

Breaking the Surface is organized under the European Union's Horizon 2020 project EUMarineRobots
— Marine Robotics Research Infrastructure Network (GA: 731103), Interreg Italy-Croatia Innovamare
project (ID: 10248782), H2020 AeRoTwin — Twinning Coordination Action for Spreading Excellence in
Aerial Robotics (GA: 810321), IMPACT Erasmus+ (No: 2018-1-DE01-KA201-004259), and IEEE Oceanic
Engineering Society. The main organizers are University of Zagreb Faculty of Electrical Engineering
and Computing, Laboratory for Underwater Systems and Technologies and Centre for Underwater
Systems and Technologies with the support from LARICS laboratory University of Zagreb Faculty of
Electrical Engineering and Computing.

ORGANIZERS
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BREAKING THE SURFACE ORGANIZATION STRUCTURE:
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4.3. ORGANIZING COMMITTEE

Ana Golec

UNIZG LABUST

4.4. TECHNICAL COMMITTEE

Anja Babi¢, mag. ing. Nadir Kapetanovi¢, Nikica Kokir Ivan Lon¢ar, mag. ing.
mag. ing.
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Igor Kvasi¢, mag. ing. Frane Rogi¢, mag. ing. Dula Nad, dipl. ing.

UNIZG FER LABUST UNIZG FER LABUST UNIZG FER LABUST



5. PROGRAMME

5.1. PROGRAMME STRUCTURE

BtS program consisted of academic lectures, hands-on tutorials, presentations of PhD thesis,
presentation of equipment, a round table session, experiments and testing, and social activities.
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ATeeTiNGs




5.1.1. PROGRAMME ABSTRACTS, BIOGRAPHIES AND PRESENTATIONS

The daily programme follows below with the list of talks and speakers and links to the abstracts,
biographies, a round table session, and streamed presentations.

Monday, 29" September

09:15 — 10:00 MARINE ROBOTICS AT CMRE: FROM COMPETITIONS TO REGULATION by FAUSTO
FERREIRA

10:00 — 10:45 HYBRID ACOUSTIC-OPTICAL UNDERWATER COMMUNICATION NETWORKS FOR NEXT-
GENERATION COOPERATIVE SYSTEMS by ANTONIO M. PASCOAL, ROBERTO PETROCCIA

11:00 — 11:20 PHD PRESENTATION: UNDERWATER LOCALIZATION by FRANE ROGIC

11:20 — 11:40 PHD PRESENTATION: A HYPER-HEURISTIC APPROACH TO ACHIEVING LONG-TERM
AUTONOMY IN A HETEROGENEOUS SWARM OF MARINE ROBOTS by ANJA BABIC

11:40 — 12:00 PHD PRESENTATION: CONSENSUS-BASED DISTRIBUTED CONNECTIVITY CONTROL IN
MULTI-ROBOT SYSTEMS by MARKO KRIZMANCIC

12:00 — 12:20 PHD PRESENTATION: ACOUSTIC LOCALISATION OF UNDERWATER SENSORS USING
COOPERATIVE UNMANNED MARINE VESSELS by IVAN LONCAR

12:20 — 13:05 ADAPTIVE OPTIMAL CONTROL IN COOPERATIVE AND DECENTRALIZED SYSTEMS by
I[VANA PALUNKO

14:30 — 16:00 SOFT ROBOTIC MANIPULATION IN SELECTED AGROTECHNICAL PROCEDURES BASED ON
ARTIFICIAL INTELLIGENCE by MARSELA POLIC

16:15 -18:45 TUTORIAL: ROBOT OPERATING SYSTEM 2 (ROS2) by BULA NAD

Tuesday, 30™" September

09:00 — 09:45 D2: A VEHICLE FOR DIVER-ROBOT COLLABORATION by BULA NAD

09:45 — 10:30 STRUCTURIZED ECOLOGICAL CULTIVATION WITH AUTONOMOUS ROBOTS IN INDOOR
AGRICULTURE by MATKO ORSAG

10:30 - 10:50 PHD PRESENTATION: PRODUCTION, TESTING AND POSSIBLE USECASES OF
UNDERWATER ACOUSTIC BEACONS by VLADIMIR SLOSIC

11:05 — 11:25 PHD PRESENTATION: LARICS AT MBZIRC 2020 — AUTONOMOUS GROUND VEHICLE IN
WALL BUILDING SCENARIO — THEORETICAL BACKGROUND by VO VATAVUK


http://bts.fer.hr/session/marine-robotics-at-cmre-from-competitions-to-regulation/
http://bts.fer.hr/speaker/fausto-ferreira/
http://bts.fer.hr/speaker/fausto-ferreira/
http://bts.fer.hr/session/hybrid-acoustic-optical-underwater-communication-networks-for-next-generation-cooperative-systems/
http://bts.fer.hr/session/hybrid-acoustic-optical-underwater-communication-networks-for-next-generation-cooperative-systems/
http://bts.fer.hr/speaker/antonio-m-pascoal/
http://bts.fer.hr/speaker/roberto-petroccia-2/
http://bts.fer.hr/session/phd-presentation-underwater-localization/
http://bts.fer.hr/speaker/frane-rogic/
http://bts.fer.hr/session/phd-presentation-a-hyper-heuristic-approach-to-achieving-long-term-autonomy-in-a-heterogeneous-swarm-of-marine-robots/
http://bts.fer.hr/session/phd-presentation-a-hyper-heuristic-approach-to-achieving-long-term-autonomy-in-a-heterogeneous-swarm-of-marine-robots/
http://bts.fer.hr/speaker/10568/
http://bts.fer.hr/session/phd-presentation-consensus-based-distributed-connectivity-control-in-multi-robot-systems/
http://bts.fer.hr/session/phd-presentation-consensus-based-distributed-connectivity-control-in-multi-robot-systems/
http://bts.fer.hr/speaker/marko-krizmancic/
http://bts.fer.hr/session/phd-presentation-acoustic-localisation-of-underwater-sensors-using-cooperative-unmanned-marine-vessels/
http://bts.fer.hr/session/phd-presentation-acoustic-localisation-of-underwater-sensors-using-cooperative-unmanned-marine-vessels/
http://bts.fer.hr/speaker/ivan-loncar-2/
http://bts.fer.hr/session/adaptive-optimal-control-in-cooperative-and-decentralized-systems/
http://bts.fer.hr/speaker/ivana-palunko/
http://bts.fer.hr/session/soft-robotic-manipulation-in-selected-agrotechnical-procedures-based-on-artificial-intelligence/
http://bts.fer.hr/session/soft-robotic-manipulation-in-selected-agrotechnical-procedures-based-on-artificial-intelligence/
http://bts.fer.hr/speaker/marsela-polic/
http://bts.fer.hr/session/tutorial-robot-operating-system-2-ros2/
http://bts.fer.hr/speaker/dula-nad/
http://bts.fer.hr/session/d2-a-vehicle-for-diver-robot-collaboration/
http://bts.fer.hr/speaker/dula-nad/
http://bts.fer.hr/session/structurized-ecological-cultivation-with-autonomous-robots-in-indoor-agriculture/
http://bts.fer.hr/session/structurized-ecological-cultivation-with-autonomous-robots-in-indoor-agriculture/
http://bts.fer.hr/speaker/matko-orsag/
http://bts.fer.hr/session/phd-presentation-production-testing-and-possible-usecases-of-underwater-acoustic-beacons/
http://bts.fer.hr/session/phd-presentation-production-testing-and-possible-usecases-of-underwater-acoustic-beacons/
http://bts.fer.hr/speaker/vladimir-slosic/
http://bts.fer.hr/session/phd-presentation-larics-at-mbzirc-2020-autonomous-ground-vehicle-in-wall-building-scenario-theoretical-background/
http://bts.fer.hr/session/phd-presentation-larics-at-mbzirc-2020-autonomous-ground-vehicle-in-wall-building-scenario-theoretical-background/
http://bts.fer.hr/speaker/ivo-vatavuk/

11:25 - 11:45 PHD PRESENTATION: LARICS AT MBZIRC 2020 — AUTONOMOUS GROUND VEHICLE IN
WALL BUILDING SCENARIO — EXPERIMENTAL VALIDATION AND IN-FIELD EXPERIMENT by IVAN HRABAR

11:45-13:15 ROUND TABLE: INNOVAMARE PROJECT

14:30 — 16:30 TUTORIAL: SLAM IN COMPLEX LARGE-SCALE GNSS-DENIED ENVIRONMENTS by JULIO L.
PANEQUE

16:45 —18:45 BLENDER by MATKO ORSAG

Wednesday, 31 September

09:00 —09:45 DATA ACQUISITION SERVICE FOR ENCORE ARCHITECTURE by STJEPAN BOGDAN
09:45 — 10:05 PHD PRESENTATION: SONAR-BASED OBJECT DETECTION METHODS by IGOR KVASIC

10:05 — 10:25 PHD PRESENTATION: ONLINE SEABED COVERAGE PATH PLANNING FOR AN
AUTONOMOUS MARINE VEHICLE BASED ON SONAR DATA by NADIR KAPETANOVIC

10:25 — 10:45 PHD PRESENTATION: LOW-POWER DETECTION OF UNDERWATER ACOUSTIC SIGNALS by
FRAN PENIC

11:00 — 11:45 SLAM IN COMPLEX LARGE-SCALE GNSS-DENIED ENVIRONMENTS by J. RAMIRO
MARTINEZ-DE DIOS

11:45 — 12:30 ASYNCHRONOUS EVENT-BASED VISION FOR UAS PERCEPTION by AUGUSTO GOMEZ
EGUILUZ

12:30 — 13:15 ADAPTIVE MORPHOLOGY FOR AERIAL-AQUATIC ROBOTS by JULIEN DI TRIA, ANDRE
FARINHA, CRYSTAL WINSTON

14:30 — 16:00 TUTORIAL: H20 ROBOTICS PRODUCTS FOR UNDERWATER LOCALIZATION AND
COMMUNICATION by KRISTIJAN KRCMAR, VLADIMIR SLOSIC

16:15 — 18:45 TUTORIAL: LAUV LUPIS — DEPLOYMENT, MISSION PLANNING AND ANALYSIS by NADIR
KAPETANOVIC

Thursday, 1% October

09:00 — 11:00 TUTORIAL: THE BASICS OF A MONITORING MISSION by IVAN LONCAR, MARKO
KRIZMANCIC, ANJA BABIC


http://bts.fer.hr/session/phd-presentation-larics-at-mbzirc-2020-autonomous-ground-vehicle-in-wall-building-scenario-experimental-validation-and-in-field-experiment/
http://bts.fer.hr/session/phd-presentation-larics-at-mbzirc-2020-autonomous-ground-vehicle-in-wall-building-scenario-experimental-validation-and-in-field-experiment/
http://bts.fer.hr/speaker/ivan-hrabar/
http://bts.fer.hr/session/round-table-innovamare/
http://bts.fer.hr/session/tutorial-slam-in-complex-large-scale-gnss-denied-environments/
http://bts.fer.hr/speaker/julio-l-paneque/
http://bts.fer.hr/speaker/julio-l-paneque/
http://bts.fer.hr/session/blender/
http://bts.fer.hr/speaker/matko-orsag/
http://bts.fer.hr/session/data-acquisition-service-for-encore-architecture/
http://bts.fer.hr/speaker/stjepan-bogdan/
http://bts.fer.hr/session/phd-presentation-sonar-based-object-detection-methods/
http://bts.fer.hr/speaker/igor-kvasic/
http://bts.fer.hr/session/phd-presentation-online-seabed-coverage-path-planning-for-an-autonomous-marine-vehicle-based-on-sonar-data/
http://bts.fer.hr/session/phd-presentation-online-seabed-coverage-path-planning-for-an-autonomous-marine-vehicle-based-on-sonar-data/
http://bts.fer.hr/speaker/nadir-kapetanovic/
http://bts.fer.hr/session/phd-presentation-low-power-detection-of-underwater-acoustic-signals/
http://bts.fer.hr/speaker/fran-penic/
http://bts.fer.hr/session/slam-in-complex-large-scale-gnss-denied-environments/
http://bts.fer.hr/speaker/j-ramiro-martinez-de-dios/
http://bts.fer.hr/speaker/j-ramiro-martinez-de-dios/
http://bts.fer.hr/session/asynchronous-event-based-vision-for-uas-perception/
http://bts.fer.hr/speaker/augusto-gomez-eguiluz/
http://bts.fer.hr/speaker/augusto-gomez-eguiluz/
http://bts.fer.hr/session/adaptive-morphology-for-aerial-aquatic-robots/
http://bts.fer.hr/speaker/julien-di-tria/
http://bts.fer.hr/speaker/andre-farinha/
http://bts.fer.hr/speaker/andre-farinha/
http://bts.fer.hr/speaker/crystal-winston/
http://bts.fer.hr/session/tutorial-h2o-robotics-products-for-underwater-localization-and-communication/
http://bts.fer.hr/session/tutorial-h2o-robotics-products-for-underwater-localization-and-communication/
http://bts.fer.hr/speaker/kristijan-krcmar/
http://bts.fer.hr/speaker/vladimir-slosic/
http://bts.fer.hr/session/tutorial-lauv-lupis-deployment-mission-planning-and-analysis/
http://bts.fer.hr/speaker/nadir-kapetanovic/
http://bts.fer.hr/speaker/nadir-kapetanovic/
http://bts.fer.hr/session/tutorial-the-basics-of-a-monitoring-mission/
http://bts.fer.hr/speaker/ivan-loncar-2/
http://bts.fer.hr/speaker/marko-krizmancic/
http://bts.fer.hr/speaker/marko-krizmancic/
http://bts.fer.hr/speaker/10568/

STREAMED PRESENTATIONS

All the technical talks were streamed and were made available to the public on Youtube. In the
following links covering these talks.

Monday 28t September
Opening Session and 1 Morning Session (includes F. Ferreira and R. Petroccia & A. Pascoal lectures)

2nd Morning Session (includes PhD presentations by F. Rogi¢, A. Babi¢, M. Krizmanci¢ and I. Loncar
and lecture by I. Palunko)

Tuesday 29+ September

1t Morning Session (includes . Nad and M. Orsag lectures and V. Slosi¢ PhD presentation)
2nd Morning Session (includes I. Vatavuk and I. Hrabar PhD presentations)
INNOVAMARE Round table

Wednesday 30+ September

1 Morning Session (includes S. Bogdan lecture and I. Kvasié, N. Kapetanovic¢ and F. Peni¢ PhD
presentations)

2nd Morning Session (includes J. Ramiro Martinez-de-Dios, A. Gomes Eguiluz, and C. Winston, A.
Farinha and J. Di Tria lectures)



https://www.youtube.com/watch?v=Nlt8TPrsN1E&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=7&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=iDD6wQEz4Fk&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=6&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=ccSetT_LmiY&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=5&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=U44oxT5Ks3c&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=4&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=XNjso0C7cKo&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=3&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=V5num1ihv2A&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=2&ab_channel=LabustUNIZG
https://www.youtube.com/watch?v=r-h2Y4Bisic&list=PL9hXWi5RIHgTRasE8W-W6RdY1isZvsSG7&index=1&ab_channel=LabustUNIZG
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6. BTS PARTICIPANTS

In 2020, 50 participants from various fields joined Breaking the Surface in real life. Morning sessions
were streamed with around 30 participants attending daily.

7. SUPPORTERS
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