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Thesis Summary

Rough terrain exploration using mobile robots contributes to humanity by venturing into
hazardous scenarios. Robust perception is critical for identifying potential hazards, which risk robot
damage and mission failure, to make informed decisions for persistent exploration. However,
ever-present uncertainty in robotic perception causes flawed risk assessment and unsafe decisions
that threaten mobile robots operating in unstructured environments. Overly conservative robot
operations have been an ad-hoc solution to ensure safety, while such a "chained" approach causes
prolonged mission timelines. Thus, addressing uncertainty in decision-making is key to unlocking
the full potential of robotic autonomy for faster and more extensive exploration.

This dissertation argues for the philosophy of embracing uncertainty, capturing knowledge of
unknowns into reliable decision-making that balances safety for mobile robots and mission success
for rough terrain exploration. Uncertainty on rough terrain stems from complex robot-terrain
interactions through perceptions. This dissertation addresses two key sources of uncertainty: scene
understanding based on machine learning (ML) for planning (Chapters 2-5) and state transition for
execution (Chapter 6). Building on this quantification, the presented path and motion planning
algorithms leverage uncertainty through exploitation to avoid mission-critical risks and adaptation
to reduce perceptual uncertainties for safe and time-efficient robot navigation.

Chapter 1 describes the motivation and purpose of this dissertation, focusing on perception and
planning algorithms with applications to rough terrain exploration.

Chapter 2 introduces a deterministic traversability prediction method that integrates different ML
models by accounting for predictive uncertainty as a measure of accuracy.

Chapter 3 presents an information-gathering method for ML models to reduce predictive
uncertainty through adaptation while ensuring safety against rover immobilization.

Chapter 4 focuses on probabilistic traversability prediction for multimodal slip trends and its
exploitation for risk-aware path planning using statistical risk evaluation.

Chapter 5 integrates uncertainty exploitation and model adaptation into a unified learning and
planning framework for resilient navigation through an end-to-end probabilistic ML model.

Chapter 6 establishes computationally efficient task and motion planning that achieves resilient
navigation against localization failures in the presence of state transition uncertainty.

Chapter 7 summarizes this dissertation and concludes the main results. The contributions of

embracing uncertainty and potential future work are presented.




