
 

The influence of physical and mental constraints to a stream 
of people through a bottleneck 

Paul Geoerg1, Jette Schumann2, Maik Boltes2, Stefan Holl2, Anja Hofmann1 
1Bundesanstalt für Materialforschung und –prüfung, 12205 Berlin, Germany 

paul.geoerg@bam.de; anja.hofmann@bam.de 
2Forschungszentrum Jülich GmbH, 52425 Jülich, Germany 

j.schumann@fz-juelich.de; m.boltes@fz-juelich.de; st.holl@fz-juelich.de  

 

 
Abstract - Understanding movement in heterogeneous groups is important for a meaningful evaluation of 

evacuation prediction and for a proper design of buildings. The understanding of interactions and influencing factors 

in heterogeneous groups on key performance figures is fundamental for a safe design. This contribution presents 

results of experimental studies on movement of a crowd through a bottleneck involving participants with and 

without disabilities. High precise trajectories of the attendees extracted from video recordings were used to calculate 

density and velocity of the participants. Besides the well-established fundamental diagram new insights into the 

individual relation between density and velocity are discussed. A complex structure and considerate behaviour in 

movement implicates a strong influence of the heterogeneity on key performance values of safe movement. 
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1. Introduction 
 Many studies to investigate pedestrians' movement, their decision making, navigation and behaviour 

have been carried out during the last years [1-3]. Yet those studies mainly have analysed the movement of 

young and able-bodied participants in homogeneous groups. Thus, the studies do not represent 

circumstances in real life with a wide variety of individual limitations on moving. Empirical data sets 

involving people with disabilities are needed for a proper modelling and validation of heterogeneous 

pedestrian streams. Up to now only a few studies involving people with disabilities have been carried out 

and commonly focus on the unimpeded walking speed [4-8]. 

 This contribution presents results of large-scale studies carried out in an interdisciplinary 

research-project ''SiME - Safety for people with physical, mental or age-related disabilities'' considering 

persons with body-, mental- or age-related disabilities as well as heterogeneous populations in evacuation 

planning. The experimental design and calculation methods are described in Sec. 2. The results will be 

discussed in Sec. 3 and lastly we conclude in Sec. 4. 

 

2. Method 
 The characteristics of movement in heterogeneously composed populations are insufficiently 

described so far. Meanwhile, reduction of restrictions by disabilities is societal consensus and is 

connected to an old discussion about equal access vs equal egress [10]. The research project SiME 

focuses on safety in inclusive societies. As a part of this project, the relationship between inhomogeneity 

in groups and pedestrians' movement is studied. Twelve studies with more than 145 single runs and 

overall 252 participants with different difficulties and without any disabilities were performed in 2017 in 

a large hall in Wermelskirchen, Germany. One of these studies investigated the influence of body-related 

disabilities on the walking behaviour in groups. 
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3. Conclusions 
A series of well-controlled laboratory studies on movement through a bottleneck participating 

wheelchair users and participants without disabilities was analysed. Movement of the crowd was recorded 

with high-definition cameras and precise trajectories of all participants were extracted automatically. 

Relations between individual density and velocity calculated with the Voronoi method were presented. 

Usually expected relation between density and velocity was not observed: the movement speed in 

heterogeneous groups depends not only on pedestrians’ density but also on singular events like 

communication in front of the bottleneck, considerate behaviour or anticipation of social norms. This 

leads to significant fluctuations in speed and density and indicates the importance of social behaviour on 

the performance of a facility. The presented results contribute to empirical data of pedestrian dynamics 

and arise a lot of questions regarding the complexity of movement in heterogeneous social groups. 
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