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UNI-DIRECTIONAL FLOW
Restricted movement leads often to dangerous situations

Kobe - Japan

Duisburg - Germany

The Great Wall



MOUNT MERON CROWD CRUSH
100.000 people, 45 dead, 150 injured  (30 April 2021)



UNI-DIRECTIONAL FLOW
Quantitative description of the dynamics is essential!

Aims 

• Design of escape routes  
  (stadiums, theatre, schools, …)

• Assessment of pedestrians  
  facilities for big events

• Transport infrastructures  
  (stations, airports, trains,  …)

• Unterstanding of crowd’s laws


Tools and methods

• Legal regulations 

• Guidelines and handbooks 

• Computer simulations 

Verifiable empirical data are needed



EXPERIMENTS OVER 4 DAYS (8-11 OCT. 2021)
Waiting behaviour on platforms 



EXPERIMENTS OVER 4 DAYS (8-11 OCT. 2021)
Boarding and Alighting Passengers Behaviour 



EXPERIMENTS OVER 4 DAYS (8-11 OCT. 2021)
Queueing behaviour



QUALITATIVE OBSERVATIONS
No quantitative analysis yet (any kind of cooperation is welcome!)

• Motivation of people was very high (almost too dangerous!) 

Influence of 2 long lockdowns?


• Some strategies from the literature were observed (more next slides …)


• Frequent clogging in bottlenecks


• Variation and explicit manipulation of crowd’s mood (e.g. annoying people!)


• Measurement of skin and heart signals (—> stress) show that people  

do not necessarily feel uncomfortable in high dense situations





SINGLE-FILE MOVEMENT OF CROWD
what we know so far



LANE MOVEMENT (1D)
Simple but rich experimental setup (probably the most popular experiment)

• Eliminate noise


• Reduce complexity


• Better control
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v = 0?



GERMANY
Composition 

Seyfried et al The fundamental diagram of pedestrian movement revisited,  J. Stat.Mech (2005)



INDIA
Culture

Chattaraj el at, Comparison of pedestrian fundamental diagram across cultures, Advances in Complex Systems (2009)



GERMANY
Motivation

Lukowski Janinę, Master thesis 2009



FRANCE
Geometry/culture

Jelic et al Properties of pedestrians walking in line: Fundamental diagrams Physical Review E (2012)



JAPAN
Music

Yanagisawa et al Improvement of pedestrian flow by slow rhythm Physical Review E (2012)



CHINA
Age

Cao et al PHYSICAL REVIEW E 94, 012312 (2016)



PALESTINE
Gender

Subaih et al Experimental Investigation on the Alleged Gender-Differences in Pedestrian Dynamics IEEE Access (2020)



BICYCLE

Anderen et al Simulation of urban mobility (2014)



HEADLINE
Cars

Tadaki et al Phase transition in traffic jam experiment on a circuit, New Journal of Physics (2013)

Sugiyama et al, Traffic jams without bottlenecks - Experimental evidence for the physical mechanism of the formation of a jam, New Journal of Physics (2008)



A UNIVERSAL FUNDAMENTAL DIAGRAM
Cars vs Pedestrians vs Bicycles

Zhang el, Universal flow-density relation of single-file bicycle, pedestrian and car motion, Physics Letters A (2014)

Zhang et al, Comparative analysis of pedestrian, bicycle and car traffic moving in circuits, Social and Behavioral Sciences (2013)



INTERIM RESULT
What we learnt before?

• At maximum density, with mixed composition (w, m, w, m, …) the velocity of the “system” was zero.


• why?


• was it culture?


• was it gender?


• was it age?


• or maybe something else?



OUTLOOK
consequences for modelling development



GERMANY
Gender experiments - again



GERMANY
Gender experiments - again



GERMANY
Observations

• First, at maximum density, the “system” stands still (velocity=0)


• Then People developed strategies without external instruction


• No direct communication (Stepping)


• Direct communication (synchronisation)


• As a result, the “system” started moving




OUTLOOK
Prediction of Future Pedestrian Movement Characteristics Using Artificial Neural Networks

Input

Hidden

Output

Subaih et al (under review)



SUMMARY
Single-file movement

• The more data we have from this experiment the richer our knowledge is


• Different factors influencing the dynamics can be separated and investigated


• Age


• Culture


• Gender


• Application for validation and definition of models 




VALIDATION OF MODELS IS NECESSARY
A reminder: what happens if not?

Rogsch et al How reliable are commercial software tools for evacuation simulation?,  Proceedings of the Interflam (2007)
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