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Main sectors of interest regarding robotics research

e Maritime robotics for environmental monitoring and pollution detection

e Internet of Underwater Things (loUT) for expanded data collection and remote access

e Autonomous Surface / Underwater / Aerial Vehicles (AxVs) for wider measurement area
coverage

e Use of open-source, low-cost components for hardware and software (e.g., Raspberry Pi,
Grafana, ThingsBoard, MQTT)

® Emphasis on energy efficiency and renewable energy sources for long-term autonomy

e e-Mobility
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® One significant short-term need is the development of advanced autonomous navigation, docking, and obstacle avoidance
systems for maritime robots, including Unmanned Surface Vehicles (USVs), Autonomous Underwater Vehicles (AUVs), and aerial
drones.
e This need is driven by the increasing demand for maritime robots in various industries, such as offshore oil and gas, marine
research, and environmental monitoring, where they must operate in complex and dynamic environments.
® The goalis to achieve reliable and safe autonomous operation, reducing the need for human intervention and the risk of
accidents.
e To address this need, research and innovation efforts should focus on:
1) Improving sensor fusion and perception algorithms to enable robots to better understand and react to their surroundings.
2) Developing adaptive and learning-based navigation algorithms that can handle unexpected situations and environmental
changes.
3) Enhancing communication and cooperation between multiple robots to enable efficient and coordinated operations.
e With focused research and development, significant advancements in autonomous navigation and obstacle avoidance for maritime

robots can be achieved within the next three years.
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® One crucial mid-term need is the development of advanced human-robot collaboration and intuitive interfaces for maritime robotic
systems, ensuring seamless integration with human operators and enhancing the overall efficiency and safety of operations.
e This need is driven by the growing complexity of maritime missions and the increasing number of robots involved, which necessitate
effective communication, coordination, and collaboration between humans and robots.
e The goal is to create intuitive and adaptive interfaces that enable human operators to easily deploy, understand, monitor, and control
maritime robotic systems, as well as to develop algorithms and strategies for effective human-robot teaming.
e To address this need, research and innovation efforts should focus on:
1) Developing novel approaches for human-robot interaction, such as natural language processing, gesture recognition, and haptic
feedback, to enable more intuitive and immersive interfaces.
2) Investigating human factors, systems engineering, and ergonomics in the design of maritime robotic systems, ensuring that they
are well-suited for human operators and can minimize fatigue and stress.
3) Exploring algorithms and strategies for human-robot teaming, such as task allocation, role switching, and shared situation
awareness, to enable effective and adaptive collaboration in various maritime scenarios.
e With focused research and development, significant advancements in human-robot collaboration and intuitive interfaces for maritime
robotic systems can be achieved within the next six years.
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e Oneimportant long-term need is the development of highly energy-efficient and environmentally friendly maritime robotic systems,
which can significantly reduce the carbon footprint and ecological impact of maritime operations.
e This need is driven by the increasing global awareness of climate change and environmental degradation, as well as the growing demand
for sustainable and eco-friendly solutions in various industries, including the maritime sector.
e The goal is to create maritime robotic systems that are not only highly efficient and effective in their tasks but also minimize their energy
consumption and environmental impact, contributing to the overall sustainability of maritime operations.
e To address this need, research and innovation efforts should focus on:
1) Developing novel energy-harvesting and storage technologies, such as solar, wind, and wave energy converters, as well as
advanced batteries and capacitors, to enable maritime robots to operate for extended periods with minimal or no external energy input.
2) Investigating bio-inspired designs and materials for maritime robots, which can not only improve their performance and energy
efficiency but also reduce their ecological impact by mimicking the properties and behaviors of marine organisms.
3) Exploring strategies and algorithms for energy-aware and environmentally conscious navigation, planning, and control of maritime
robotic systems, which can dynamically adapt to the environment and optimize their energy consumption and ecological impact.
e With focused research and development, significant advancements in energy-efficient and environmentally friendly maritime robotic
systems can be achieved within the next ten years, paving the way for a more sustainable and eco-friendly future in the maritime sector.
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H20 Robotics, as a spin-off from the Laboratory for Underwater Systems and Technologies (LABUST), maintains a strong and privileged link with its

"mother" research institution, which is beneficial for both parties in terms of knowledge exchange, access to resources, and collaboration
opportunities.
However, this privileged link does not affect or hinder cooperation with other research institutions, as H20 Robotics is committed to fostering a
culture of openness, collaboration, and mutual learning in the field of maritime robotics.
Examples of successful spin-offs from other maritime robotics research university laboratories, such as the recent win of a team from the Zagreb
Faculty of Electrical Engineering and Computing (FER) in an international robotics competition, demonstrate the potential and value of such
collaborations.
To further enhance cooperation with other research institutions, H20 Robotics (and other companies) can:

1) Actively seek and engage in joint research projects, consortia, and networks with other leading institutions in the field of maritime robotics,
both at the national and international level.

2) Participate in and contribute to relevant conferences, workshops, and forums, which can provide opportunities for networking, knowledge
exchange, and collaboration.

3) Offer internships, research visits, and exchange programs for students and researchers from other institutions, which can help to build
relationships, foster talent, and stimulate innovation.
By embracing and promoting cooperation with other research institutions, H20 Robotics can not only enrich and broaden its own capabilities and

expertise but also contribute to the overall advancement and impact of maritime robotics research and innovation.
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e  Short-term (1-3 years): Research proposals and direct contracts are the most suitable cooperation mechanisms for addressing immediate needs and
fostering collaboration between institutions. Give something to someone, usually you will get something back.

e  Mid-term (4-6 years): Research agreements and consortia can be established to tackle more complex and long-term challenges, such as the
development of advanced loUT technologies and their integration with existing systems. EXPAND THE PIE.

e Long-term (7-10 years): Transatlantic cooperation and strategic partnerships should be pursued to address global challenges and expand the pie of
maritime robotics research and innovation. This can be facilitated by mechanisms such as the Office of Naval Research (ONR) and ONR Global.

° "A lot of funding has been provided to companies and institutions exploring space, but we have oceans around us that we have not explored." -
Vladimir Djapic, TEUTA project

e  "With climate change and rising ocean temperatures, improving and extending the observation of these environments is critical." - Gabriele Pieri,
NAUTILOS project

e The ocean is so vast and complex that a collaborative and global approach is needed to address its challenges and harness its potential.

e Smart sensors and loUT technologies can significantly improve our understanding and protection of the oceans, but more work is needed to ensure
their widespread adoption and impact.

e Cooperation mechanisms such as research proposals, direct contracts, research agreements, and strategic partnerships can facilitate collaboration and

innovation in the field of maritime robotics and address short, mid, and long-term needs.
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e In conclusion, the deployment of autonomous robotic maritime systems with high-level artificial intelligence holds immense
potential for revolutionizing transportation, search and rescue, and environmental monitoring. By leveraging advanced sensor
suites, HD mapping, and remote driving capabilities, these systems can navigate complex waterways safely and efficiently,
reducing traffic congestion and carbon emissions in coastal and urban areas.

e However, the development and implementation of these systems also raise ethical and environmental considerations. Ensuring
the security and privacy of data transmitted between boats and dispatch centers is paramount, as is the responsible use of Al to
prevent unintended consequences or misuse. Additionally, the maritime industry must prioritize the environmental impact of
these systems, such as minimizing noise pollution and protecting marine life, while also promoting the use of clean energy
sources like electric propulsion.

e As we move forward in the era of autonomous maritime systems, it is crucial to foster collaboration between academia,
industry, and government to address the technical, regulatory, and ethical challenges that lie ahead. By doing so, we can unlock
the full potential of these systems and create a more connected, sustainable, and efficient future for maritime transportation and

beyond.
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Thank you!

Vladimir Djapic
H20 Robotics

vladimir@h?2o-robotics.com

h2o-robotics.com
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