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Data-driven traffic state estimation pipelines typically rely on tabular models that operate in a topologically
blind manner, requiring high sensor density to map spatial features to flow. This thesis develops the Urban
Topology Foundation Model (UTFM), a graph-based representation learning framework designed to achieve
extreme sample efficiency in traffic imputation. By pre-training a Graph Neural Network architecture on
global urban geometries via Self-Supervised Learning (SSL), the model extracts universal latent structural
embeddings of road networks. The primary objective is to evaluate the downstream predictive capacity of
these embeddings combined with a differentiable prediction head, mapping the imputation performance
frontier across sparse sensor coverage regimes.

Work Packages

- WP 1: Multi-City Graph Processing & Pipeline Engineering
Extract and process dual-graph representations for the 40+ global cities within the UTD19
dataset utilizing osmnx and OpenStreetMap (OSM) data.

- WP 2: Self-Supervised Pre-Training (UTFM)
Design and implement a Graph Neural Network or Graph Transformer backbone within
PyTorch Geometric. Train the network on global city topologies using a Self-Supervised
Learning (SSL) objective (e.g., masked feature/structure prediction) completely isolated
from traffic flow data.

- WP 3: Downstream Traffic Imputation & End-to-End Fine-Tuning
Integrate a differentiable Multi-Layer Perceptron (MLP) head with the pre-trained topological
embeddings. Train the combined architecture end-to-end to impute missing traffic flow
states using sparse physical loop detector data from the UTD19 dataset.

Prerequisites

- Programming Proficiency: Advanced proficiency in Python programming and geometric
deep learning libraries, specifically PyTorch and PyTorch Geometric (PyG).

- Machine Learning Foundations: Solid theoretical and practical understanding of Neural
Networks, ideally experience with GNNs, Transformers, and Self-Supervised Learning (SSL)
paradigms.

Variations of the topic and additional research questions proposed on your own initiative are always
welcome. If you are interested, please send an email including your CV, transcript, and a short
explanation of why you are particularly well-suited for this topic.

The write-up should document the individual work steps in a clear and structured manner. The
candidate commits to completing the project independently and to properly citing the scientific
resources and tools used.

The submitted work will remain with the department/chair as part of the examination records.
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