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Abstract

This paper proposes a framework in which Lagrangian
Particle Dynamics is used for the segmentation of high den-
sity crowd ows and detection of ow instabilities. For this
@ () ©

purpose, a ow eld generated by a moving crowd is treated Figure 1.Example scenarios involving thousands of people. (a) A scene

as an _aperiOdiC dynamical SYStem- A grid .Of particles .iS from New York City marathon. (b) A large crowd participatimga politi-
overlaid on the ow eld, and is advected using a numeri- cal rally in Los Angeles. (c) Pilgrims circling around Kablpehecca.

cal integration scheme. The evolution of particles through ¢ des in th

the ow is tracked using a Flow Map, whose spatial gra- However, numerous occurrences of stampedes in the recent

dients are subsequently used to setup a Cauchy Green DePast have shown that better coo_rdination between public
formation tensor for quantifying the amount by which the safety organizations and remodelling alone cannot sokve th

neighboring particles have diverged over the length of the Problem of managing large crowds. For instance, 270 pil-
integration. The maximum eigenvalue of the tensor is usedd'iMms were killed at Jamarat bridge in Mecca in May 1994
to construct a Finite Time Lyapunov Exponent (FTLE) eld, and ano.the'r 251 were killed in February 200.4' This Ied_
which reveals the Lagrangian Coherent Structures (LCS) to _rede3|gn|ng of the appr_oach towards the bndg_e and exit
present in the underlying ow. The LCS divide ow into pomts, but unfortunately_ in January 2006, 345 lives were
regions of qualitatively different dynamics and are used to 292N lost at the same bridge due to a stampede.

locate boundaries of the ow segments in a normalized cuts _ OVer the last few years, computer vision based algo-
framework. Any change in the number of ow segments rithms ha_lve been mtegrate_d into wide area survel!lance sys
over time is regarded as an instability, which is detected by ©MS for in areas such as city streets, subway stationssmall
establishing correspondences between ow segments ovef!C: However, one common weakness among these systems
time. The experiments are conducted on a challenging set ofS their inability to handle crowded scenes. As soon as the
videos taken from Google Video and a National Geographic density of objects in the scene increases, a degradation in

documentary. their perform_anc_e in terms of o!oje_ct detection, trackin_g an
event detection, is observed. Limited research efforinyf a
1. Introduction has been spent in building computer vision systems that can

model high density scenes and provide useful information

Management of large gatherings of people at events sucho public safety of cials. One reason for the lack of effort
as religious festivals, parades, concerts, football negtch in this direction is the complexity of the problem.
etc., pose signi cant challenges to public safety manage- This research effortis a rst step towards building an au-
ment of cials. Often these gatherings involve movement tomated monitoring system capable of modelling high den-
of crowds in con ned spaces such as city streets, overheadsity crowd scenes. For this paper, the temodellingin-
bridges, or narrow passageways. Figure 1 depicts some exeludes tasks of segmenting dominant crowd ows present
ample scenarios. It is quite obvious that an incident free in the scene, and detection of any abnormalities that may
management of such huge gatherings is a daunting taskarise in these ows. Our proposed approach for solving this
simply due to shear number of people involved in these modelling problem starts by treating moving crowds as an
events. One way to reduce the incidence of any catastrophi@periodic dynamical system, which is manifested by a time
event in situations involving large crowds is through bette dependent ow eld. Such a ow eld in a general scene
coordination and remodelling of expected bottleneck areas will consist of regions with qualitatively different dynam



