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Active flow of pedestrian crowds:
from large-scale measurements to variational modeling
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Pedestrians walk and choose their direction based on individual objectives and instantaneous
traffic: this yields high variability in crowd dynamics, from diluted to dense regimes. Despite
the unpredictability of single individuals, ensemble-level universal physical features emerge.
These  encompass  frequent  fluctuations  and  rare  events  within  «solo»  dynamics,  mutual
interactions,  as  well  as  routing  choices.  Reaching  a  quantitative  understanding  of  these
features is a major scientific challenge retaining great societal impact (e.g., in the design of
civil infrastructures or crowd management measures), and sharing deep connections with the
statistical physics of active matter.

To move towards a quantitative physics-based understanding of crowd dynamics, over the
previous years, we established large-scale observational experiments held in real-life settings
(stations, festivals, museums), aimed at investigating statistical features of pedestrian motion
[1,2,3]. Via homemade high-fidelity tracking systems, we have collected datasets including
millions of trajectories acquired with and without external influencing stimuli (i.e., crowd
control  measures,  like  signage  or  visual  cues).  In  this  talk,  I  will  discuss  the  issue  of
modeling  in  (statistically)  quantitative  terms  the  observed  dynamics,  including  PDFs  of
individual velocity, position, body rotation mutual-contact-avoidance, as well as path choice,
based on Langevin-like equations and variational principles.

Based on works is in collaboration with: A. Gabbana, J. Meeusen, C. Lee, A. Muntean, R.
Benzi, F. Toschi

Figure 1 : Large-scale tracking experiment during the GLOW festival 2019 (Eindhoven, The Netherlands). About
200K trajectories have been collected and used to validate a stochastic variational model for crowd-level 
routing.
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Taking	the	exercise	lab	to	the	real	world:		
What	can	we	learn	from	big	data	in	endurance	sports?		
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Laboratory	performance	tests	provide	the	gold	standard	for	running	performance	but	often	do	not	
reflect	 real	 world	 conditions.	 In	 our	 latest	 work,	 we	 use	 a	 large	 dataset	 obtained	 from	wearable	
exercise	 trackers	 to	 inform	 a	 validated	 model	 for	 running	 performance,	 and	 obtain	 a	 better	
understan-	ding	of	the	complex	interplay	between	training	and	performance.	The	data	set	contains	
running	 activities	 of	 ≈	 14,000	 individuals,	 ≈	 1.6	million	 exercise	 sessions	 containing	 duration	 and	
distance,	and	a	total	collaborative	distance	of	≈	20	million	km	ran.	The	inclusion	of	endurance	as	a	
model	parameter	offers	novel	insights	into	performance:	a	highly	accurate	race	time	prediction	and	
the	 identification	 of	 key	 parameters	 such	 as	 the	 lactate	 threshold,	 commonly	 used	 in	 exercise	
physiology.	 Correlations	 between	 performance	 indices	 and	 training	 volume	 and	 intensity	 are	
quantified,	pointing	to	an	optimal	training.	Our	findings	hint	at	new	methods	to	quantify	and	predict	
athletic	performance	under	real-world	conditions,	detection	of	doping,	and	the	assessment	of	new	
running	shoe	technologies.		
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