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Main research question

Can we improve lensless imaging by building an accurate model of its underlying physical processes?

Description

Ptychography is a lensless method that allows for wavefront sensing and phase-sensitive microscopy
from a set of diffraction patterns [2]. Recently, it has been shown that the optimization task in
ptychography can be achieved via automatic differentiation (AD) [1], a mathematical technique
that is used for backpropagation in deep learning.

Figure 1: The concept of ptychography. Coherent diffraction patterns downstream of an illumi-
nated thin object are detected with a camera while the object is laterally scanned. The data are
used to algorithmically reconstruct the object and illuminating field.

A crucial requirement to achieve optimal imaging results in ptychography is the availability of
an accurate model of the physical system. We have developed a model that includes the processes
displayed in Figure 1. In this project, you will quantify the improvements gained by improving this
model by incorporating system noise, geometrical uncertainties and the camera response. Often,
the camera response c(r) at pixel position r is assumed to follow

c(r) = a(r) · I(r) + b(r), (1)
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where a(r) denotes the quantum efficiency of the photoelectric conversion, I(r) denotes the light
intensity, and b(r) denotes a background reading. Using AD, a(r) and b(r) can be automatically
determined for every camera pixel to mitigate the effect of dead and hot pixels, as well as a
non-homogeneous sensitivity of the sensor.

While working on this project, you will develop a deep understanding of ptychography both in
theory and hands-on, and build strong skills in programming and computational physics.

About the research group

You will join the Nanophotonics group, which investigates and explores non-conventional methods
of imaging in scattering materials by integrating concepts from distinct fields such as space-time
wavefront shaping, optical metrology, compressive sensing and lensless imaging. We are a mid-
sized group of researchers and staff with diverse backgrounds and specifically encourage female or
disabled candidates, as well as candidates from minority groups to apply.

Requirements

• good theoretical knowledge in electrodynamics and optics

• experience in developing and maintaining source code (preferably Python)

• motivation to work both in a laser lab and on numerical modelling in Python and Google
TensorFlow

Contact

Jacob Seifert (j.seifert@uu.nl)
Allard P. Mosk (a.p.mosk@uu.nl)
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