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Abstract: Robotic field exploration offers immense potential for scientific discovery, yet current systems 
struggle with reliable mobility on deformable terrains and lack cognitive alignment with human scientists. The 
goal of this thesis is to transform robots from passive sensor platforms into adaptive exploration teammates 
capable of both physical navigation and cognitive collaboration. This work develops physics-based models and 
proprioceptive sensing frameworks that enable legged robots to estimate terrain properties and adapt locomotion 
on deformable substrates, preventing entrapment and improving mobility. In addition, this thesis investigates 
human decision-making processes to create cognitively-compatible human-robot teaming frameworks. By 
encoding expert sampling strategies into multi-objective balancing algorithms, we enable robots to generate 
sampling suggestions that align with human scientific reasoning. These contributions are integrated into a 
heterogeneous multi-robot system, where legged scouts generate terrain-risk maps to guide wheeled rovers and 
science-reward maps to guide human scientists. Together, these advances in terrain-aware locomotion and 
human–robot teaming establish a comprehensive framework for safe, effective, and scientifically productive 
exploration in extreme environments.
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