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Real-time Motion Tracking of Microscopic Particles
Chia-Hsiang Menq

Department of Mechanical and Aerospace Engineering
The Ohio State University
201 West 19" Avenue, Columbus, OH, 43210

Abstract: This talk discusses using off-focus microscope images to render real-time
3-dimensional motion tracking of microscopic particles, including polystyrene beads,
superparamagnetic beads, and fluorescent beads, in aqueous solution. It covers four
topics: 1) mathematical derivation and automated calibration of off-focus image
models; 2) development and realization of real-time computational algorithms
enabling high-speed 3-dimensional particle tracking with sub-nanometer resolution; 3)
theoretical analysis and prediction of measurement resolution; and 4) calibration and
compensation of measurement bias. A real-time visual tracking system, which is
reconfigurable and readily to be integrated with various systems to enable real-time
control, is then introduced. Its application to enabling rapid steering of
optically/magnetically propelled probing systems is discussed, wherein two objectives
are emphasized. First, real-time estimation of the 3-D position matches the maximum
frame rate of the camera. Second, timing of the output data stream of the system is
precisely controlled.
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