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Introduction:
The Laser Analytics group at CEB (the Department of Chemical Engineering
and Biotechnology at the University of Cambridge) develops advanced optical
microscopes and spectroscopic instruments. These instruments support
several applied research programmes as well as technology development and
theoretical studies [1-3].
In order to support simple and efficient operation of the microscopes that we
have developed in-house, which is important for applied research projects that
involve experts other than the microscope designer, there is a need for
automation.
One of our systems is a “Super-Resolution microscopy" system which which
uses the principle of Localisation Microscopy [4,5] to study features far
smaller than the diffraction limit of light – the technique of super-resolution
imaging was named the Nature Method of the Year in 2008. This instrument
allows us to image static biological (or polymeric) materials with a resolution
as fine as 20 nm, and it is among the first such optical “super-resolution”
instruments that have been applied to study such specimens in their native
environment [1,2]. The principle of Localisation Microscopy is that individual
fluorescent molecules can be imaged separately by applying a photoswitching
technique: the position of each fluorescent molecule can then be precisely
determined computationally from the centre of its image, and an underlying
fluorescent-labelled specimen can then be visualised in high resolution (far
better than the optical diffraction limit) using a computational image
reconstruction technique.

1. The Localisation Microscope is in need of some additional automation.
Some Labview control of laser power and automated image acquisition are
already implemented. This project would involve the design and
implementation of an automated mirror-controller which would allow users to
switch illumination between different angles (“Epi” and “TIRF” illumination
modes [6]) without manual beam alignment. The design and implementation
of simple, low-cost laser shutters would also minimise the need for manual
alignment of laser beams, important for a widely-used system.
2. A second microscope system in the group is the Automated Spectral
Imaging Microscope. This microscope is being developed to enable the (a)
fast, (b) automated scanning of multiple XY positions on a specimen,
combined with (c) acquisition and (d) analysis of fluorescence spectra from
each area. A complete microscope setup with an electronically-controllable
XY stage, laser illumination, and spectrograph are already assembled – the
remaining task is to provide automation and control to enable (a-d) listed
above.
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