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Abstract: Vision—based 3D microsensing is a non—contact approach that is used to obtain
spatial information of microobjects and end-effectors such as their size, 3D position,
and motion, etc. These information are crucial for automated micromanipulation. However,
most microbiological objects and some of the common end-effector, e.g., micropipettes,
are transparent, which complicates 3D microsensing by machine vision. In addition, the
time performance of vision-based microsensing has to be considered for motile
microbiological objects to keep track of and further handle them automatically. Thus,
the problems to be addressed in this thesis are 1) Accurate 3D microsensing of both
transparent microobjects and transparent end-effectors, 2) High-speed 3D microsensing
of end-effectors and immotile/motile microbiologica] objects. The solutions to these

two problems are proposed based on the motility of the object.

In this thesis, the real-time vision-based microsensing of immotile transparent
microobjects and end-effectors is achieved by using an All-In-Focus imaging system
which is so called because it provides an image of the object as if “all” part of
the object is “in-focus” . Two algorithms are proposed to obtain reliable 3D
information of spherical transparent microobjects and elongated transparent
end-effectors. An automated pick—-and-place experiment of multisized immotile

microobjects was performed and more than 70% success rate could be achieved.

For motile microobjects, high-speed vision—-based 3D microsensing is carried out by
utilizing the defocused features calculated at their border region in the frequency
domain using Fast Fourier Transform. Using these features, tracking of motile

microbiological objects could be achieved with 1kHz frame rate.
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High-speed vision-based 3D microsensing is also achieved for a moving elongated
transparent end-effector. From the focused position along the elongated direction of
the end-effector in a defocused image, the 3D position of the end-effector’s tip could

be found when it was moving in high—-speed in its workspace of 100um in z-axis.
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