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Abstract:

Humans’ ability to construct and use complex tools makes them different from animals. Many
manufacturing applications such as sanding or composite layup require ergonomically
challenging tool motions. Robots have successfully reduced the need for humans to perform
tedious tasks in mass production applications. Robots are programmed by humans to execute
pre-determined tool motions in mass production applications and human programming effort is
amortized over a large number of parts. However, high-mix applications require the part
changeover to be accomplished within a few minutes, therefore, we cannot rely on humans to
program robots when a new part arrives. Unfortunately, at present, the use of robots in high-mix
manufacturing applications is limited, requiring humans to perform ergonomically challenging
and physically demanding tasks. Using robots in these applications requires robots to
autonomously manipulate tools based on high-level task descriptions and deliver human
competitive task performance. This is a challenging problem and addressing it requires
leveraging the latest advances in Al. This seminar will present an overview of physics-informed Al
technologies that enable robots to learn safe and efficient autonomous tool manipulation. These
new technologies serve as the foundation for realizing smart robotic cells for assembly,
composite layup, additive manufacturing, inspection, and sanding applications. Al-based
planning enables the automated generation of efficient robot trajectories for performing complex
tool motions to meet process-specific requirements. Imitation learning enables robots to learn
from human experts. The use of synthetic images generated from physics-informed simulations
enables the use of deep learning in defect detection. Self-supervised active learning enables the
robotic cell to autonomously and safely conduct experiments to learn the process parameters in
the most efficient manner. Smart robotic cells increase human productivity and reduce the need
for humans to perform ergonomically challenging tasks.
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