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ABSTRACT

Robotic systems are increasingly deployed in complex real-world settings where uncertainty is unavoidable. In
construction, uncertainty arises from variability in material geometry and properties, fabrication and assembly tolerances,
deviations between as-designed and as-built states, and incomplete observability due to occlusion and clutter. These
challenges are particularly pronounced in contact-rich manipulation, where small deviations in geometry, pose, or force
can lead to failure during assembly. As a result, robust robotic manipulation in construction requires closed-loop systems
capable of perceiving, adapting, and acting under uncertainty.

This lecture presents a framework for contact-rich robotic manipulation in construction that integrates perception,
planning, and control. Within this framework, three complementary approaches are examined: adaptive control to
compensate for quantifiable uncertainties; learned sensorimotor policies to handle complex, tight-tolerance interactions
that are difficult to specify analytically; and a hybrid approach that combines learned policies with adaptive control to
improve robustness and enable zero-shot policy transfer.

Through building-scale case studies, the lecture highlights key methods, experimental findings, and current limitations
across these approaches. It concludes by discussing open challenges and future directions in developing scalable and
generalizable robotic systems for construction, with particular emphasis on robust contact-rich manipulation under
uncertainty.
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