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The ocean remains one of the most under-sampled environments on Earth due to its vastness and opacity to remote
sensing. Traditional ship-based and in-situ observation methods are costly, infrequent, and heavily reliant on human
intervention. Hence, there is a critical mismatch between societal demands for ocean knowledge and our current
observational capabilities. To bridge this gap, there is an urgent need for robotic organizations composed of
heterogeneous sensor platforms capable of real-time, adaptive, and intelligent data collection—operating safely,
resiliently, and efficiently without direct human presence.

The individual advancements in robotic platforms, sensors, and remote sensing assets, such as satellites, are promising.
Achieving true autonomy and high-quality observations in the unstructured ocean environment, however, require
integrated mission capabilities that transcend the limitations of single systems. Such integration increases mission
complexity and introduces trade-offs between operational risks and data quality. Key challenges include enabling robotic
organizations to collaborate effectively and achieving extreme cooperation and resilience across systems-of-systems,
essential for long-endurance missions in remote and harsh ocean environments. This necessitates embedding domain-
specific knowledge about mission risks related to marine ecosystems, the human legacy, and ocean infrastructure
integrity, at unprecedented spatial and temporal scales. This knowledge must be integrated into autonomous reasoning,
artificial intelligence (Al), and decision-making processes, which is a major unresolved research challenge.

The objective of this paper is to explore relevant socio-technical-ecological risks associated with deploying robotic
organizations in the ocean. The paper proposes a methodological approach towards mission planning for risk-aware
autonomy. The approach emphasizes the need for real-time risk models operating at the edge and in the cloud, i.e.,
supervisory risk control, capable of interacting with autonomous systems—despite the constraints of limited underwater
communications. These developments are decisive for achieving scalable, intelligent, and resilient autonomous robotic
organizations and operations in the ocean.
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