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A multi-agent model of the users internal displacement dynamics and
their distribution in a large-capacity bus

Antonio Neme, Sergio Herndndez, Omar Neme

Abstract— High-capacity buses are common in public trans-
portation systems. The dynamics and distribution observed by
users inside the bus are not trivial and in some cases, as those
observed in the Mexico City public transport system named
Metrobus, those dynamics lead to user distributions in which
several areas present a very low density and areas located close
to the entrances and exits exhibit a very high density of users.
This dissimilarity in density is inconvenient for a number of
reasons, as the capacity of the bus is not achieved because
of improper distributions, and discomfort of users is high.
Through an agent-based model, we study the agents dynamics
and their interactions between them and the bus structure. We
lead to the conclusion that even when users tend to move to
a region in which they perceive low density of occupation, if
some agents try to maintain their position close to the exit door,
vdd distributions are achieved. To find better policies, we tested
some alternatives for users to enter and exit the bus. We found
that it is possible to have a better density distribution and a
better comfort if entrance and exit doors are not differentiated
at all

I. INTRODUCTION

Since the seminal work of Helbing et al [1], the behavior
of pedestrians has been subject of study from the traffic
modelers community, and in particular, from the agent-
based models perspective. The behavior and dynamics of
pedestrians are not trivial to model and in many cases, they
are more complex than the dynamics shown by vehicular
traffic, as the constrains of lanes and directions of the flow
are not present [2], [3].

Several aspects of pedestrian’ dynamics have been studied,
including crosses, routing [4], free flow, and behavior under
panic [1].

A special case of pedestrian traffic is that in confined
spaces, such as in galleries or in malls [5]. In these cases,
pedestrians follows a path based in both, the collection
distributions (or stores) and the density of other pedestrians
[6]. From the confined space case, there is one in particular
that is of high impact in the daily life: the pedestrian
dynamics in the high-capacity city buses.

The city buses in some cities are normally large enough
as to contain as much as 200 passengers, some standing
and some seated. Normally, the journey is limited to the
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city limits, and the time necessary to cover the whole route
may vary from few minutes to a couple of hours. Normally,
passengers do not travel all the journey, and there is an
exchange of passengers in all intermediate stations [7]. These
exchange leads to non-trivial dynamics, as some passengers
tend to move to more comfortable areas, while others tend
to stay in areas close to the exit.

In some high-capacity buses, the behavior of users may
be affected by physical constrains such as seat distribution,
entrances, exits, and handrails. Also, the overall dynamics
observed in the bus is affected by the strategies followed by
users in order to find a seat or a more comfortable position.
We are interested in the dynamics followed by passengers
in a high-capacity bus, in particular, that observed in the
Metrobus public transport system in Mexico City.

In the mentioned buses, users tend to stay close to the
entrance/exit facility, apparently with independence of both,
the journey duration, and if there are plenty of available space
in other areas. This situation leads to odd passenger density
in the bus, as some areas are not visited by passengers, while
other areas, mainly those in the exit neighborhood are very
dense.

There are a number of explanations to this behavior. Most
of them are only observational and lack of a guantification
of these phenomena. One common explanation is that pas-
sengers know the bus will achieve the maximum capacity
and moving around in that situation to get to the exit is not
an easy task [8], [16].

Agent-based models are a proper tool to study pedestrian
traffic, as they keep a complete record of behavior, visited
locations and any other variable, at the time that agent may
adapt their behavior [8].

In the actual scheme, users are divided by genre, so men
and women enter the bus in differentiated doors. Both men
and women may exit through any door. Our hypothesis is that
this is not the optimum scheme in the sense of homogeneous
distribution. Rather, we give evidence from simulations that
if the entrance door were differentiated from exit doors then
the distribution of users in the bus tends to be less biased
and some measures of comfort are higher.

Here, we propose a microscopic model of pedestrians
interactions. The problem we are trying to study is that of
heterogeneous distribution of users in the bus, as a measure
of the quality of the trip from the perspective of users. Pedes-
trian dynamics is closely related to this phenomena. There
are three main perspectives of study of pedestrian dynamics.
The first one is continuum dynamics, in which pedestrians
are seen as a fluid and physical rules defined as social forces



