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Graph Neural Networks for Spatial Imputation of Sparse Traffic
States Fusing Heterogeneous Sensor Data

Urban digital twins require complete network traffic states, yet empirical sensor coverage is inherently
sparse. This thesis develops a topology-aware Graph Neural Network (GNN) to execute spatial imputation
across unmonitored urban road networks. By fusing stationary inductive loop detector counts with dynamic
floating car data speeds, the research constructs a heterogeneous graph architecture to learn underlying
spatial dependencies. The objective is to train a model that accurately infers missing traffic volumes and
speeds at unobserved locations.

Work Packages

- WP 1: Graph Formulation & Data Engineering
Formulate the road network as a directed graph. Develop a pipeline to map the stationary
sensor counts and dynamic probe vehicle speeds to the Graph.

- WP 2: Physics-Informed Architecture (PIGNN) Design
Design and implement a Physics-Informed Graph Neural Network. The architecture must
integrate traffic flow theory, penalizing predictions that violate the physical conservation of
vehicles across intersection nodes.

- WP 3: Training & Baseline Benchmarking
Train the model to infer the withheld spatial traffic states. Evaluate the imputation accuracy
using standard regression metrics.

- WP 4: Evaluation & Project Deliverables
Quantify the model’s capacity to mitigate data sparsity using topological and physical con-
straints. Document your findings in a scientific report.

Prerequisites
- Programming Proficiency: Advanced proficiency in Python programming, specifically object-
oriented design, and standard data science ecosystems (Pandas, NumPy).

- Deep Learning Foundations: Practical experience with deep learning frameworks (PyTorch
heavily preferred).

- Interdisciplinary Motivation: A clear interest in bridging data-driven machine learning
architectures with the physical realities of macroscopic traffic flow theory.

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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