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Note. Teams of up to two people are encouraged.

Background. Flow cytometry (FC) is a laboratory technique used to detect and measure
physical and chemical characteristics of population of cells or particles in a solution. In
medicine, particularly in hematology and immunology, FC is mainly applied to characterize
and count types of white blood cells in the evaluation of infectious diseases, autoimmune
disorders, immunodeficiencies, or in the diagnosis of blood cancers such as leukemias or
lymphomas. [Bini et al., 2024] A flow cytometer has a fixed number of channels m (typically
m ∈ {10,11, . . . ,30}) across which it captures one measurement for each cell in a sample
(sample ≈ patient). Typically, there there are 10000 ≤ n ≤ 1000000 cells per sample leading
to a data matrix X ∈ Rn×m where n >> m. The data is unlabeled and labels (e.g. cell type,
disease) are only available through a manual gating process.

Project outline. Recently published deep learning based methods for the analysis of FC
data mostly rely on labeled data. Since such data usually is only available for few samples,
the development of a foundation model for FC data which can be trained in a self-supervised
fashion is paramount. The project would proceed as follows:

• Extensive literature search. Possible starting points:

– Hu et al. [2020]
– Wödlinger et al. [2022]
– Kowarsch et al. [2022]
– Weijler et al. [2023]
– Fisch et al. [2024]
– Bini et al. [2024]

Also, investigate whether methods for single-cell RNA sequencing data embedding can
be adopted for FC data.

• Try out existing methods on a labeled, public benchmark dataset (e.g. [Bini et al.,
2024]) extract the embeddings they produce and assess their goodness

• Assess whether existing methods/architectures can be adopted to be trained in a self-
supervised fashion

• From these findings conceptualize and implement a prototype of an own model

Requirements.

• Python programming, experience with PyTorch

• Willingness to dive into the intricacies of DL with FC data

• Independent and rigorous work-style
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