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Motivation
Understanding the behaviour of crowds is crucial for safety and transport management: on the one hand, it
allows to predictions of people’s behaviour (e.g., what their reaction would be in an evacuation), and on the
other hand it facilitates better design of rooms, buildings or even streets to optimise movement. There are
many types of models for pedestrian dynamics, ranging from microscopic models (agent-based models that
describe the trajectory of an individual pedestrians) to kinetic models to macroscopic ones (a PDE model
describing the density of the crowd). Most models in the literature rely on the fundamental diagram: a tool
that engineers use to characterise the speed of pedestrians to the average density they experience. Although
there is a general agreement on the shape of this function, its parametrisation depends strongly on the
measurement and averaging techniques used as well as the experimental setup considered. The goal of this
project is to improve our understanding of this function, and to quantify how well different models (involving
different functional forms of the fundamental diagram) describe real-life behaviour.
The project
We will consider the unidirectional flow of a crowd in a corridor. In this case the movement of pedestrians can
be characterised by a simple ODE or SDE whose speed (drift term) is given by the fundamental diagram:
𝑑𝑿(𝑡) = 𝐹(𝜌(𝑋(𝑡), 𝑡) 𝑑𝑡 + 𝜎𝑑𝑊(𝑡),
where 𝑿(𝑡) = (𝑥(𝑡), 𝑦(𝑡)) is the position of a pedestrian, 𝜌 is the density, 𝐹(𝜌) is the fundamental diagram,
and 𝑊(𝑡) is a two-dimensional white noise with strength 𝜎. This model is connected to a PDE model for the
density,
𝜕𝑡 𝜌 = ∇ ⋅ (𝜎∇𝜌 − 𝐹(𝜌)𝜌),
where both equations are coupled with appropriate boundary conditions. This project will build upon the
supervisors’ previous work on parameter estimation for this problem, where they used a simple form of the
fundamental diagram [1] and expand this methodology to more realistic forms of the fundamental diagram
(see, e.g., [2]) and incorporate model selection techniques such as the Bayes factor [3]. This can be done using
artificial data (generated from the various models) as well as data from experiments. Depending on the
student’s background and preferences, we will explore deterministic and Bayesian techniques, and the
student will also have the opportunity to explore likelihood-free inference techniques such as Approximate
Bayesian Computation (ABC) [4].
Available data and resources
The student will have access, if needed, to code from the supervisors (written in Python and/or Matlab), to
solve both the ODE/SDE problem, as well as the PDE in two dimensions. Furthermore, we will also use
experimental data from collaborators from the Institute for Advanced Simulation (IAS) in Julich, Germany.
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