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Ordering leads to multiple fast tracks in simulated col-
lective escape of human crowds�

Chen Cheng,a Jinglai Li,b and Zhenwei Yao�c

Elucidating emergent regularities in intriguing crowd dynamics is a fundamental scienti�c problem
arising in multiple �elds. In this work, based on the social force model, we simulate the typical
scenario of collective escape towards a single exit and reveal the striking analogy of crowd dy-
namics and crystallisation. With the out�ow of the pedestrians, crystalline order emerges in the
compact crowd. In this process, the local misalignment and global rearrangement of pedestrians
are well rationalized in terms of the characteristic motions of topological defects in the crystal.
Exploiting the notions from the physics of crystallisation further reveals the emergence of multiple
fast tracks in the collective escape.

1 Introduction
Collective motion of pedestrians is a common phenomenon in
various daily scenarios of urban life, and once driven by life-
threatening panic, overcrowding and stampede may lead to fa-
talities1�10. Understanding crowd dynamics is thus crucial for
achieving safety and ef�ciency at both individual and collective
levels11�14. Observations show that the majority of pedestrians
walk in groups15, and the size of free-forming groups conforms
to Poisson distribution, indicating the existence of statistical regu-
larity in complicated crowd behaviours16�18. Collective phenom-
ena, such as oscillational behaviour19 and the fast-is-slower20,21

and stop-and-go22�24 effects, are experimentally observed 12,25.
Quantitative measurement of pedestrian �ows further reveals an
analogy with the Navier-Stokes equations that originally describe
dynamics of �uids26,27. The phenomenological �uid-dynamic ap-
proach captures macroscopic behaviours of crowd dynamics by
averaging the behaviours of neighbouring individuals28,29.

Further scrutiny of individual pedestrians could provide valu-
able microscopic information that yields insights into the intrigu-
ing crowd dynamics12,18,30�34. Following this idea, a social force
model (SFM) has been proposed to simulate the motion of hu-
man crowds1,12,35. The basic idea underlying the SFM is to treat
pedestrians as particles with a simpli�ed will. Speci�cally, this
model features a mixture of both physical and socio-psychological
forces in�uencing the walking behaviour of pedestrians, and it
has the unique advantage of incorporating new forces as our un-

a School of Mathematical Sciences, Shanghai Jiao Tong University, Shanghai 200240,
China.
b School of Mathematics, University of Birmingham, Edgbaston, Birmingham B15 2TT,
UK.
c School of Physics and Astronomy, and Institute of Natural Sciences, Shanghai Jiao
Tong University, Shanghai 200240, China. E-mail: zyao@sjtu.edu.cn

derstanding of pedestrians is advanced1,12,15. Much has been
learned about the law of crowd dynamics by applying the SFM in
various situations3,12,15,36.

While the SFM could conveniently provide detailed dynami-
cal information of crowd motion by specifying proper values of
model parameters12, the challenge is to exploit the simulated
data from a suitable perspective for revealing the underlying reg-
ularities. In this work, we resort to the analogy of crowd dy-
namics and crystallisation process37�39, and gain insights into
the intriguing collective motion. Speci�cally, we simulate the
typical scenario of collective escape towards a single exit using
the generalized social force model that incorporates the random
behaviours of pedestrians. Our simulations show the rapid or-
dering of the initially randomly distributed pedestrians. In the
compact �crystallised� crowd, local misalignments emerge at ran-
dom sites, which are recognised as topological defects in two-
dimensional crystal37,40. With the out�ow of pedestrians, the
microscopic crystalline structure underlying the crowd is under
persistent transformation, which exactly corresponds to the char-
acteristic annihilation and glide motion of topological defects in
the crystal. From the striking analogy between crowd dynam-
ics and crystallisation process, and in combination with statistical
analysis, we demonstrate the emergence of multiple fast tracks
resulting from the spontaneously formed crystal structure in the
escaping crowd. This work reveals the regularities in crowd dy-
namics from the perspective of crystallisation, and may provide
useful information for understanding crowd behaviours in evacu-
ation.

2 Model and method

We simulate the crowd dynamics of pedestrians based on the
SFM12. It assumes a mixture of physical and socio-psychological
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