Data-driven X-ray tomography
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Project description

X-ray
tomography
has
revolutionized the field of
medical imaging and nanotomography is currently an
active research field for highresolution imaging applications
such as integrated circuit (IC)
inspection [1-3]. In such case,
both high-resolution and wide
field-of-view is necessary, which
suffers from extremely long
image acquisition times. For
example imaging a 1-mm3
volume with a resolution of 50
nanometers would take several Figure 1. In tomography projections are collected
months. Another consequence at multiple sample rotation angles between 0 and
of such imaging are X-ray 180 degrees followed by 3D volume
radiation
induced
sample reconstruction.
deformations, which not only
makes tomographic reconstruction difficult, but can also destroy the underlying
circuitry under investigation, especially at the transistor level. To realize large volume
IC inspection the student will develop a novel data-driven image acquisition method
for faster and more-dose efficient imaging. The method will also be applicable to other
sample types that exhibit anisotropic scattering.
In tomography, 2D projections of the sample are reconstructed at angles from 0 to 180,
Fig. 1, followed by a reconstruction of the 3D volume. Each projection represents a
thin plane of the reconstructed volume in Fourier space (Fourier transformation of the
tomogram), which must be filled without gaps. The cross-sectional Fourier space area
of the tomogram scales with the sample
thickness and resolution, hence, imaging
larger samples and/or at a higher
resolution will necessitate a larger number
of projections to fill the 3D spectrum. To
reduce radiation dose and imaging time a
lesser number of projections must be
acquired which comes at a cost of
reconstruction artefacts and reduced
resolution in 3D. Fortunately, some
samples like ICs have very directional
features, allowing to optimize the 3D image
acquisition process.

Goal

To reduce image acquisition times and to improve overall reconstruction quality due to
reduced radiation dose, projections can be acquired using sparse and unevenly
sampled angular ranges. We propose a project to use machine learning algorithms to
determine at which sample rotation angles most of the data should be collected. The
most important rotation angles will be extracted from a low-resolution tomogram, which
can be acquired very quickly during an experiment and used to determine optimal
high-resolution image collection parameters. In the case of IC imaging up to 90% less
data can be collected without loss of image quality.

Deliverables

A functional code that would take a low-resolution 3D volume and determine the best
angles necessary for time-consuming high-resolution measurement. Integration of the
code with our open-source MATLAB software package [4] would be useful. These
results would be of great practical importance for regular operation during X-ray
imaging experiments and have potential for a publication. If the project is finished
quickly, an extension is possible for even more optimized image collection.

Data

A 3D experimental dataset of an integrated circuit will be provided at multiple resolution
levels to mimic a real data-driven experiment. Simulations will also be done to simulate
a 3D sample. Data will be processed on the GPU cluster in PSI.

Additional information
•

•
•

What will you learn?
o Apply machine learning for imaging problems.
o Reconstruct 3D volume using multiple 2D images.
o Understand and simulate image formation.
o Solve real-world problems in the field of X-ray nano-tomography.
Requirements: Python proficiency, machine-learning proficiency, MATLAB
knowledge is useful.
Supervisors: Tomas Aidukas (PSI, tomas.aidukas@psi.ch), Manuel GuizarSicairos (EPFL, PSI, manuel.guizar-sicairos@psi.ch), Benjamin Bejar Haro (PSI,
SDSC, benjamin.bejar@psi.ch)
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