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Summary of the subject (maximum 1 page):

Optical imaging techniques are the tool of choice for characterizing fast processes at the sub-
micrometer scale in areas as relevant as materials science, industrial inspection, fluid
dynamics, and biology. However, current microscope architectures offer an inherent trade-off
between spatial resolution, imaged area, and acquisition speed. Several techniques exist
capable of acquiring dozens of images per second using camera-based microscopes with
thousands of pixels, but achieving faster imaging speeds without sacrificing spatial resolution
remains challenging. This limitation in the amount of spatiotemporal data that can be
collected from samples is currently hindering the understanding of a myriad of key
phenomena, ranging from light-matter interactions to brain functioning.

The goal of this master thesis is to address this issue and develop a new microscope capable
of acquiring millions of frames per second (fps) at diffraction-limited resolution and over a
significantly large imaged area. Our central idea is to combine a camera with only a single
pixel but a very fast timing response (picoseconds), with encoded illumination consisting of
thousands of flickering spots, each with different but known modulation frequency and spatial
coordinates. By demultiplexing the acquired signal in a post-processing step, high-resolution
images will be retrieved, at a rate only limited by the lowest modulation frequency of the
illumination spots.
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The thesis is divided into five distinct parts, which will occur sequentially through a 4-month
period, as detailed next. 1) Design of the light encoding system and simulations. 2)
Experimental implementation of the system into an existing optical microscope. 3)
Characterization of the optical performance of the new microscope by measuring the point
spread function with fluorescent nano-beads. 4) Proof of concept consisting of imaging a
moving object. 5) Writing of the thesis.

Additional information (if needed):
* Required skills : the candidate is expected to show an interest in multidisciplinary subjects,
and basic programming in Python or Matlab.
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