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h i g h l i g h t s

• The reason of bosons confusion is the homogeneity of the bosons.
• A modified dynamic floor field model based on the heterogeneous bosons is proposed.
• Transformation mechanism of bosons determines the characteristics of a crowd system.
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a b s t r a c t

In the dynamic floor field model, the bosons are homogeneous. This causes a problem that
the pedestrians are confused by their own traces. The model has beenmodified by the het-
erogeneous bosons. Compared with the dynamic floor field model based on the homoge-
neous bosons, the modified model exhibits realistic pedestrian behaviors, and the effect of
modification on themodel parameters is analyzed in subsequent numerical simulations. By
sensitivity analysis for the model parameters, it is found that the characteristic of a crowd
system, which is represented by the correspondence between the following behavior and
the evacuation time, is determined by the decay of the bosons; it is also found that diffusion
of the bosons can describe the uncertainty of information transformation which is related
to the evacuation time. In addition, an interesting phenomenon implies that for the pedes-
trians who are unfamiliar with the structure to find the exit, the accurate information from
the persons around them is more beneficial than that from the distant ones.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The dynamic floor field is typically used to model long-range interactions between the pedestrians, e.g. following people
walking some distance ahead. In the discrete case, the field is compared to a bosonic field, i.e., the bosons dropped by the
moving pedestrians create the virtual traces. Thus the pedestrians could get information about the exit location by following
these traces. In simulations, however, it is found that the bosons indiscriminately affect the pedestrians who dropped them.
This can cause the models not to exhibit realistic pedestrian behaviors. Therefore, it is necessary for evacuation simulation
to modify the dynamic floor field.
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The dynamic floor field is an important part of the floor fieldmodel. Since the bosons attract all the pedestrians including
who dropped them, the pedestrians could be confused by their own traces and are likely to take a detour. Burstedde et al. [1]
proposed to leave the bosonswhichwere dropped at the last time step out of computing the transition probability in order to
alleviate the confusion. This improvement can be called One Step CorrectionModel (OSCM). However, the situation that the
bosons do not decay after more than one time step was not considered in OSCM. This causes that the confusion would occur
later during the evacuation. Kirchner et al. [2] continued to adopt OSCMwithout explaining the details about the bosons, re-
moving the matrix of preference and analyzing the characteristics of the model parameters. Based on the Kirchner’s model,
there are many researches employing the dynamic floor field for evacuation modeling, e.g. researches on friction [3] and
pushing force between the pedestrians [4–6], one pedestrian occupying multiple cells [7], exit choice [8,9], local view floor
field [10], inhomogeneous exit attraction [11] and choice between stairway and escalator [12]. All these researches do not
take into account the bosons confusion. In some caseswhere following behavior is not necessary to be considered, e.g. model
test [13], pedestrian behavior analysis at the exit [14–16] and evacuation in one-exit room without obstacles [17–21], the
floor field model without dynamic floor field can be adopted. Nevertheless, some researchers suggested that the dynamic
floor field, which induces the individuals in front tomove backwards, is not capable to describe pedestrian following behav-
ior in the scene with obstacles [22] or simulate pedestrian counter flow on a crosswalk [23]. It is a violation of the purpose
of the dynamic floor field. Inspired by the dynamic floor field a communication field was presented in Ref. [24]. According to
the bosons dynamics, the transformationmechanism of the escape information in the evacuationwas introduced. This illus-
trates that the dynamic floor field can further describe the information exchanges between the pedestrians. Therefore, the
dynamic floor fieldmodel has a broad prospect in evacuation research, but the bosons confusion problemneeds to be solved.

In the presentwork, amodifiedmodelwith heterogeneous bosons is proposed in an effort to resolve the bosons confusion
problem. To show the validity of modification in theory, we apply this model in a typical scenario where people escape from
a roomwith one single exit, analyze the impacts of dynamic floor field parameters on the evacuation time and compare the
results with those by other floor field models.

2. Analysis of the bosons confusion in OSCM

Kirchner’s model consists of static floor field S and dynamic floor field D. Pedestrians select their destinations according
to S, move to unoccupied neighbor cells and then drop one boson in the cell they came from. All bosons constitute D. In
each time step, each single boson decays with probability δ at first. And if not vanish, it diffuses with probability α to one
of its neighbor cells which are not occupied by obstacles. The order of diffusion and decay does not affect the transition
probabilities [25]. The dynamic floor field discussed here is a velocity density-dependent field, which means that only the
moving pedestrians drop bosons.

Fig. 1 shows graphical representations of the relative location of a single boson changing with the host pedestrian. The
pedestrian walked into the right cell from themiddle cell at t = 1, dropping a boson (the orange dot) in the previous cell. At
t = 2 the bosonwas not updated because its lifetimewas not larger than one step. This bosonwould confuse the pedestrian
through computing the transition probability. For this problem, Ref. [1] proposedOSCM,which takes no account of the boson
dropped at t = 1. If this boson will not vanish at t = 3, it is likely to appear in pedestrian’s neighbor cells again (the cases
are shown in orange box) and confuses the pedestrian. In this case OSCM fails to eliminate the confusion.

To compute the confusion probability at t = 3 inOSCM, all possible cases of updating the pedestrian locations at t = 2 are
expressed in A1 ∼ A5, where the pedestrian is not confused in OSCM, and all possible cases of updating the boson locations at
t = 3 are expressed in columns B1 ∼ B6 (see Fig. 1). The probabilities of cases A1 ∼ A5 are given by P (Ai), (i = 1, 2, 3, 4, 5),
and the probabilities of cases are given by P (B1) = (1 − α) (1 − δ), P (B2) = P (B3) = P (B4) = P (B5) = (1 − δ) α/4
and P (B6) = δ. Therefore, the probability P that the pedestrian is confused at t = 3 in OSCM is determined by diffusion
parameter α, decay parameter δ and the transition probabilities P (Ai):
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To get P = 0, it is necessary that δ = 1 or
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and 0 ≤ P(Ai) ≤ 1, if α = 0 and P(A1) = P(A2) = 0, then P = 0. It means that if the boson does not diffuse, the pedestrian
would not be confused just in the cases of moving forward or turning around. The coefficient of P(A2), independent of
α, identically equals to one, which indicates that the pedestrian must be confused in the case of moving backwards. The
coefficient of P(A1) decreasing with α increasing implies that the pedestrian could keep still to dodge the confusion for
large α. P(A3) and P(A5) have the same coefficient and thus the same effect on P . That the coefficient of P(A4) is not larger
than any other coefficients states clearly that it is always best for the pedestrian to move forward.
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