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Abstract

The propagation speed of starting-wave, which is a wave of people’s successive reaction in a relaxation
process of a queue, has an essential role for pedestrians and vehicles to achieve a smooth movement. In
this contribution, we have investigated the fundamental relation between the propagation speed of
starting-wave (a) and the initial density (p) by both our mathematical model built on the stochastic
cellular automaton and experimental measurements. Analysis of our mathematical model implies that
the relation is characterized by power law a = ap=”(3 # 1), and the experimental results verify this
feature. Moreover, when the starting-wave is characterized by power law (8 > 1), we have revealed the
existence of optimal density, where the travel time of the last pedestrian in a queue, which includes the

waiting time, is minimized.
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1: Schematic view of time development of
our mathematical model for the parameters
(N,L,E) = (5,10,1) in the case of Vmax = 2.
Each number indicates the label of particles.
Only black particles can move forward with p(h)
(white arrow) or Vinax (gray arrow). The dot-
ted line at the right boundary corresponds to
the open boundary condition, that is, particles
leave from the system via the right boundary.
The dashed line next to the dotted line indicates
the start line, that is, the propagation speed of
starting wave is calculated by the length from
this start line to the left boundary.
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[X] 2: The linear-type relation between walking
velocity (V) and density (p) from the experi-
mental data [5].
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3: The simulation results (dots) and fitting
relation (dashed curve or dashed line) between
propagation speed of starting-wave and the den-
sity by our mathematical model.
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4: A part of snapshots of the several initial
densities in a queue; (a) p = 1.0, (b) p = 2.0,
(c) p=3.0, and (d) p = 4.0.
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5: The experimental results and fitting re-
lation (dashed curve or dashed line) between
propagation speed of starting-wave and the den-
sity.
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