Abstract:

Robotics provides a versatile conceptual perspective for algorithmic planning and coordination of motion in the physical world. In this talk I will focus on the coordination of multiple moving objects, with applications ranging from semiconductor fabs to lab-on-a-chip devices. I will first describe our work on the coordination of multiple robots using math programming formulations for automation cells and UAV coordination. This led us to next develop algorithms for the coordination of microdroplets in digital microfluidic systems, a "lab-on-a-chip" technology for applications in biological research and clinical diagnostics. A digital microfluidic system controls individual droplets of chemicals on an array of electrodes; the chemical analysis is performed by moving, mixing, and splitting droplets. Since the simultaneous coordination of even a few droplets is difficult to program manually, we developed scalable array layouts and network-style droplet routing algorithms to automatically enable the flexible coordination of hundreds of droplets. This work is among the first to present comprehensive droplet coordination algorithms for these biochips. I will describe our results on optimal scheduling of biochemical analyses, and minimum resource characterization to optimize the spatial design of these biochips. These results provide the foundation for our long-term goal of developing versatile digital microfluidic biochips for applications in biology.
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