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1. Summary of the subject (maximum 1 page):
Fourier-transform spectroscopy (FTS) is a powerful and flexible method for obtaining spectra
from time-domain measurements. It provides detailed spectral information with a high signal-
to-noise ratio, which makes it useful for applications such as chemical analysis. However, this
level of spectral detail comes at the cost of longer measurement times compared to more
specialized techniques that focus on a narrow spectral range.

As a result, specialized techniques are often preferred for time-critical applications like real-
time gas sensing. The drawback is that they can only detect a limited number of chemical
analytes because they lack the broad chemical specificity that FTS offers. Developing
methods to significantly speed up FTS could make it possible to perform rapid chemical
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analyses with high specificity, greatly expanding the range of applications where FTS can be
used.

The acquisition speed of FTS is fundamentally limited by the Nyquist-Shannon sampling
theorem. This theorem defines a limit for the number of time-domain measurements required
to obtain an artifact-free spectrum. However, this limit only applies when the measurements
are taken at uniform time intervals. It has been shown that methods like compressed sensing
can reconstruct spectra with fewer measurements if the time intervals are chosen non-
uniformly [1-4]. However, these approaches rely on assumptions that often do not apply to
FTS.

This project explores how neural networks (NNs) can be used to learn optimal sampling
strategies for time-domain signals in FTS and reconstruct artifact-free spectra from
substantially fewer measurements than required by the Nyquist—-Shannon limit. The core idea
is that NNs can learn the specific assumptions that apply to FTS signals, rather than relying
on predefined assumptions as in existing approaches like compressed sensing. Encoder-
decoder architectures are promising candidates for this task because they are designed to learn
efficient representations of input signals and reconstruct them with minimal error.

In this project, the student will design, implement, and evaluate different NN architectures to
determine which models most effectively reduce the number of time-domain measurements
while minimizing spectral artifacts. An emphasis will be placed on understanding why certain
architectures perform better than others in this context. Ultimately, this project contributes to
establishing FTS as a rapid and specific technique for chemical analysis in time-critical
applications.

Objectives (maximum 1 page):

e Develop and compare neural network architectures for learning optimal time-domain
sampling strategies and spectrum reconstruction.

¢ Quantitatively evaluate performance in terms of spectra reconstruction quality,
reduction in required measurement number, and robustness to noise and other
experimental artifacts.

e Analyze learned sampling patterns to gain physical and conceptual insight into how
different network architectures exploit signal characteristics in FTS.

e Benchmark against existing methods such as compressed sensing and traditional
uniform sampling to assess the advantages and limitations of NN-based approaches.

Additional information:
Required skills:

e Programming proficiency: Intermediate or higher skills in Python (alternatively
MATLAB or Julia).

e Machine learning experience: Ideally, some experience in working with neural
networks and frameworks such as Scikit-Learn, PyTorch, or TensorFlow.

e Knowledge of Fourier-transform spectroscopy (FTS): Understanding of time-domain
signal acquisition and spectral reconstruction principles (e.g., FTIR techniques).

e Background in photonics: Familiarity with optical measurement systems

e Analytical skills: Ability to evaluate model performance using quantitative metrics
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