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Abstract Dense crowds can pose real safety risks, yet existing crowd simulation paradigms struggle to
capture the complex physical interactions at stake. Recent studies have highlighted the role of whole-body
motion in high-density conditions. To integrate these findings into simulation, we propose to implement a
new simulation paradigm involving humanoid-shaped agents in the open-source crowd simulation software
JuPedSim [3], enabling more realistic crowd simulations.
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Figure 1: Overview of classical spacial representations of pedestrians for microscopic crowd simulations.
a) Circular shape, used in first modelling approaches, up to modern simulations [11, 4]. b) Representation
using shape-changing ellipsoids with variations as a function of pedestrian velocity [2]. ¢) Two-dimensional
humanoid shape proposed in [10]. d) Simplified three-dimensional humanoid representation proposed in

[8]-

Introduction

Major events around the world have been shown to be prone to uncontrolled incidents, leading to discom-
fort, injury or even death [6]. One of the responses to such problems from the research community have
been to create models and simulations in order to prevent such fate. So far, one of the most advocated
purpose of crowd simulation is to be able to predict and prevent incidents in dense crowds [11]. However,
crowd simulation seems to be mostly limited to the use of two main types of simulation paradigms.

The first type is a macroscopic simulation. In such simulations, the crowd is considered as a continuum
medium, and only high-level quantities such as crowd density and flow volume are considered. These
models are usually computationally efficient, but are based on continuum theory and struggle to capture
complex mechanisms associated with physical interactions. Another classic paradigm for crowd simulation
is microscopic simulation. In these, the simulated agents are independent entities driven by a set of rules.
The overall crowd dynamics result from the interaction of the agents following the guidance of the rules
to which they are bound. However, these models have been designed to handle light to medium densities
where physical interactions do not occur. For dense crowds, this simulation paradigm is usually used
with oversimplified, reciprocal and isotropic repulsion forces [4] or very limited balance recovery models
[7].

In the meantime, recent experimental studies have attempted to provide a better picture of the
mechanisms involved due to physical interaction in dense crowds [1, 9]. In particular, these mechanisms
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involve whole-body movement of pedestrians [5]. Even without physical interaction, high levels of density
modify the gait cycle and involve advanced shoulder rotation [12].

In order to implement this new experimental knowledge, crowd simulations have to adapt to sub-

microscopic representations of the human body that include different body parts. To this end, we decided
to implement a novel representation paradigm for simulated agents in the open source software JuPedSim
[3]. This new type of simulation is directly derived from the work of Shang et al. (2024) [8] who proposed
a Humanoid Model for crowd simulation. The aim of this work is to provide the community with an
accessible simulation framework that allows direct use of this new simulation paradigm through notebooks
and direct comparison with experimental results.
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