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Abstract

Emerging robots have the potential to improve healthcare delivery, from enabling surgical procedures that are beyond current clinical capabilities to autonomously assisting people with daily tasks in their homes. In this talk, we will discuss new algorithms to enable medical and assistive robots to safely and autonomously operate inside people's bodies or homes. These algorithms must compensate for uncertainty due to variability in humans and the environment, consider deformations of soft tissues, guarantee safety, and integrate human expertise into the planning process. We will begin by discussing two new medical devices: steerable needles and tentacle-like robots. These devices are capable of bending around anatomical obstacles to perform procedures at difficult-to-reach sites inside the human body without requiring open surgery. We are developing motion planning and control algorithms that combine sampling-based motion planning, medical image analysis, physically-based simulation, and optimal control theory to maximize the probability of successfully accomplishing a procedure. We are applying these new devices and algorithms to new, safer diagnostic and therapeutic procedures, for lung and brain cancer, that are not possible using existing instruments. We will also introduce demonstration-guided motion planning (DGMP), a new framework for autonomous robotic assistance with daily tasks. In this new framework, a human expert uses kinesthetic demonstrations to teach a personal robot to perform an assistive task, and the robot is then capable of performing that task autonomously in new environments with never-before-seen obstacles.
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