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ABSTRACT
The paper presents a modeling and simulation effort aimed
at studying the implications of the presence of groups of
pedestrians in different situations (e.g. changing density,
configurations of the environment) in experimental and real
world scenarios.

Categories and Subject Descriptors
I.6 [Simulation and Modeling]: Applications

General Terms
Experimentation
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1. INTRODUCTION
The agent–based approach to the simulation of complex

systems is a relatively recent but extremely successful appli-
cation area of concepts, abstractions, models defined in the
area of autonomous agents and multi–agent systems (MAS).
Crowds of pedestrians represent a typical example of com-
plex system: the overall behavior of the system can only be
defined in terms of the actions of the individuals that com-
pose it, and the decisions of the individuals are influenced by
the previous actions of other pedestrians sharing the same
space. Despite the substantial amount of research efforts
this area is still quite lively and we are far from a complete
understanding of the complex phenomena related to crowds
of pedestrians in the environment: one of the least studied
and understood aspects of crowds of pedestrians is repre-
sented by the implications of the presence of groups [1]. In
particular, little work has been done on the modeling and
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simulation of relatively large groups within a crowd of pedes-
trians [3].

This work presents the results of an agent–based model
of pedestrians considering groups as a first–class abstraction
influencing the behaviour of its members and, in turn, of the
whole system. The model was tested in a schematic situa-
tion, also analyzed by means of experiments, to characterize
the implications of groups in the overall pedestrian dynam-
ics and in a real world scenario in which pedestrians were
organized in large groups for sake of crowd management.

2. MODEL AND SIMULATION RESULTS
The adopted approach is discrete both in space and in

time; the environment in which the simulation takes place is
a lattice of cells, each representing a portion of the simulated
environment and comprising information about its current
state, both in terms of physical occupation and in terms of
additional information. To support pedestrian navigation in
the environment, the lattice is provided with a static floor
field [4] which specifies the shortest path to destinations and
targets. Pedestrians have a limited form of autonomy: they
can choose were to move according to their perception of the
environment and their goal. The choice of the actual move-
ment destination is based on the elaboration of an utility
value, called likability, representing the desirability of mov-
ing into a given position: the presence of members of the
group a pedestrian belongs to in a nearby cell is considered
positively, unlike the presence of other pedestrians. A com-
plete description of the model can be found in [2].

A set of simulations in an experimental and in a real world
situation aimed at evaluating the impact of the presence of
groups has been investigated. The figures shown in Figure 1
report an overview on simulation results. The top left part
shows a fundamental diagram representing data obtained
through several simulations in a simple scenario (a corridor
in which pedestrians flow in opposite directions). The re-
sults are in tune with the experimental data coming from
observations and available in the literature; an original re-
sult is the fact that groups of different size have a different
ability to flow smoothly in different density situations.

The model was also employed in a real world scenario: a
station of the Mashaer line, a newly constructed rail line in
the area of Makkah to reduce the congestion caused by the
presence of other collective means of pilgrim transportation
(i.e. buses) during the Hajj. The simulations were focused
on the Arafat I station, in particular in the process lead-



Figure 1: Images and diagrams related to simulation results.

ing pilgrims from outside the station area to the platforms.
The flow is organized adopting waiting-boxes: groups of 250
pilgrims wait in special areas for an authorization by the
station agents to move towards the ramps or elevators. The
top right part of Figure 1 is a schematic representation of an
area of the station with the permitted pedestrian flows; the
bottom left photo shows a situation in which the waiting-box
principle, preventing the possibility of two flows simultane-
ously converging to a ramp, was not respected, causing a
higher than average congestion around the ramp. Different
simulation scenarios were realized to understand the capa-
bility of the model to reflect the increase in the waiting times
and the space utilization when the waiting box principle was
not respected. The bottom right diagrams report the space
utilization, i.e., the relative frequency of the cell occupation
on the whole simulation time. The second scenario, in which
the waiting box principle is not respected, is characterized
by a noticeably worse performance not only from the per-
spective of the size of the area characterized by a medium-
high space utilization, but also from the perspective of the
highest value of space utilization (83% respect to 63% of the
regular scenario). This confirms that increasing the number
of pilgrims that are simultaneously allowed to move towards
the ramp highly increases the number of cases in which their
movement is blocked because of overcrowding. According to
these results, the management of the movement of group of

pilgrims from the tents area to the ramps should try to avoid
exceptions to the waiting box principle as much as possible.
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