
Chapter 5
Modeling a Crowd of Groups: Multidisciplinary
and Methodological Challenges

Stefania Bandini and Giuseppe Vizzari

Abstract The main aim of the chapter is to introduce a recent and current trend
of research in the modeling, simulation and visual analysis of crowds: the study
of the impact of groups on the overall crowd dynamics, and its implications of the
aforementioned research activities as well as their outcomes. In most situations,
in fact, a crowd of pedestrians is more than a simple set of individuals, each
interpreting the presence of the others in a uniform way, trying to preserve a
certain distance from the nearest person. A crowd is rather a composite assembly of
individuals, some of which are bound by different types of ties, not only representing
the presence of other pedestrians as a repulsive force, influencing their attitude
towards the movement in the environment. Current models for the simulation of
crowds of pedestrians have just started to analyze this phenomenon, and we still lack
a complete understanding of the implications of not considering it, either in a real
simulation project supporting decision making activities of designers or planners,
or in the analysis and automatic extraction of information, for instance from video
footage of events or crowded environments.

5.1 Introduction

The modeling and simulation of pedestrians and crowds is a consolidated and
successful application of research results in the more general area of computer
simulation of complex systems. Results of different approaches from researchers in
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different disciplines, from physics and applied mathematics, to computer science,
often influenced by (and sometimes in collaboration with) anthropological, psy-
chological, sociological studies and the humanities in general, can be found in the
literature. The level of maturity of these approaches was in some cases sufficient to
lead to the design and development of commercial software packages, often offering
interesting and advanced functionalities for the end user (e.g. CAD integration,
CAD-like functionalities, advanced visualization and analysis tools) in addition to
a simulation engine.1 Nonetheless, as testified by a recent survey of the field [46]
and by a report commissioned by the Cabinet Office [11], there is still room for
innovations in models improving their performances both in terms of effectiveness
in modeling pedestrians and crowd phenomena, in terms of expressiveness of the
models (i.e. simplifying the modeling activity or introducing the possibility of
representing phenomena that were still not modelled by existing approaches), in
terms of efficiency of the simulation tools.

The unit of analysis of most the above mentioned approaches is represented by
the single pedestrian, and this is also testified by the fact that most approaches
claim to be agent–based (even though the different approaches do not necessar-
ily employ agent models and/or technologies [4]): most pedestrians and crowd
simulation approaches can be legitimately and safely classified in the category
of micro-simulation. The analyses on simulation results are generally focused on
aggregated data and emerging macro phenomena, such as average total travel
times for specific classes of pedestrians, average or peak pedestrian densities in
various points of the simulated environment. Generally, models do not include any
meso-level [15] concept besides the aforementioned idea of class of pedestrians,
i.e. a set of agents sharing behavioral rules and goals but otherwise completely
unrelated.

The main aim of the chapter is to highlight a recent and current trend of research
in modeling, simulation and visual analysis of crowds: the study of the impact of
groups on the overall crowd dynamics, and its implications of the aforementioned
research activities as well as their outcomes. In most situations, in fact, a crowd of
pedestrians is more than a simple set of individuals, each interpreting the presence
of the others in a uniform way, that is, trying to preserve a certain distance from
the nearest person. A crowd is rather a composite assembly of individuals, some
of which are bound by different types of ties, not only representing the presence
of other pedestrians as a repulsive force, influencing their attitude towards the
movement in the environment. Current models for the simulation of crowds of
pedestrians have just started to analyze this phenomenon, and we still lack a
complete understanding of the implications of not considering it, either in a real
simulation project supporting decision making activities of designers or planners,
or in the analysis and automatic extraction of information, for instance from video
footage of events or crowded environments. The chapter, in addition to describing

1See http://www.evacmod.net/?q=node/5 for a large although not necessarily complete list of
pedestrian simulation models and tools.
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the current state of the art on this topic and discussing some recent results and
open challenges, will also attempt to clarify that this research enterprize requires
a coordinated and multidisciplinary effort along both the lines, that is, the synthesis
and the analysis of crowds comprising groups of pedestrians. The chapter aims first
of all at suggesting a relevant selection of literature in area of cultural studies and
anthropology that represents a useful framework suggesting approaches both the
modeling and to the analysis of the relevant phenomena. In particular, the work
on proxemics by Edward T. Hall encompasses both a justification of the tendency
of individuals to keep a certain distance from the others, unless they belong to a
specific set of special persons (e.g. friends, relatives, loved ones).

The chapter then provides a thorough review of the current landscape in models
for the simulation of crowd pedestrians that, to a different extent and in a more or
less comprehensive way, extend the basic pedestrian models to provide an account
for this sort of meso-level concept that is the notion of group.

A detailed example of one of these models, explicitly considering groups as first
class abstractions and modelled entities that, on one hand, influence individuals in
their decisions and, on the other, can represent an observed entity per se whose
status depends on the individuals it is composed of. The model will be described
in its principles and mechanisms, and it will be exemplified in an experimental
situation and in a real world scenario. Some traditional approaches will be employed
to evaluate, measure and describe the results of the simulated pedestrians’ behaviors
and some hypotheses will be done on the possibility to observe, characterize and
possibly validate phenomena that are specifically related to groups and therefore
not yet considered in the previous researches: new observations and metrics, in
fact, must be defined and analyzed to root the results of the new models on
actual data.

Finally, and as a consequence of this last consideration, this chapter presents
a reflection on the current landscape in the area of crowd analysis, proposing a
multidisciplinary research direction in which the efforts on crowd analysis and
synthesis can benefit from the mutual challenges, methods and results.

5.2 Influential Contributions on Pedestrians and Crowd
Modeling

In this section of the chapter we want to briefly introduce some selected con-
tributions from disciplines in the humanities, and especially anthropology and
sociology, that to a certain extent influenced previous pedestrian and crowd
modeling approaches or that represented a useful resource in the development of
innovative models considering groups as a first class abstraction influencing the
overall system dynamics. In addition, we also report here some works describing
reports on relevant observations that represent useful evidences and potentially also
data to support innovative modeling and simulation efforts.
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5.2.1 Proxemics

The term proxemics was first introduced by Edward T. Hall with respect to the study
of a set of measurable distances between people as they interact [23]. In his studies,
Hall carried out analysis of different situations in order to recognize behavioral
patterns. These patterns are based on people’s culture as they appear at different
levels of awareness. In [22] Hall proposed a system for the notation of proxemic
behavior in order to collect data and information on people sharing a common space.
Hall defined proxemic behavior and four types of perceived distances: intimate
distance for embracing, touching or whispering; personal distance for interactions
among good friends or family members; social distance for interactions among
acquaintances; public distance used for public speaking. Perceived distances depend
on some additional elements which characterize relationships and interactions
between people: posture and sex identifiers, sociofugal-sociopetal (SFP) axis,
kinesthetic factor, touching code, visual code, thermal code, olfactory code and
voice loudness.

Proxemic behavior includes different aspects which could be useful and inter-
esting to integrate in crowd and pedestrian dynamics simulation. In particular, the
most significant of these aspects being the existence of two kinds of distance:
physical distance and perceived distance. While the first depends on physical
position associated to each person, the latter depends on proxemic behavior based
on culture and social rules.

It must be noted that some recent research effort was aimed at evaluating the
impact of proxemics and cultural differences on the fundamental diagram [12],
a typical way of evaluating both real crowding situations and simulation results.
Moreover, first attempts to explicitly include proxemic considerations not only as
a background element in the motivations a behavioral model is based upon, but
rather as a concrete element of the model itself are present in the most recent
literature [33, 51].

5.2.2 Groups: Contributions from Anthropology

The term group appears in very different and varied contexts of the anthropological
literature, both ethnographic and theoretical [16]. The term, per se, is not endowed
with specific characteristics and it is generally accompanied by additional speci-
fications such as “domestic group,” “ethnic group,” and so on. With reference to
the term in general and common sense usage, anthropology borrows sociological
considerations, defining a group as a set of individuals related by a common project,
a common identity, that can be perceived by the members of the group and by
external observers.

The common element between the different strains of research related to groups
is the topic of social cohesion that, to a certain extent, pervades the works of
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researchers since the end of the Nineteenth century. The existence of a group
considered as a set of (at least two) individuals does not necessarily imply the
presence of a formal organization, even though this characteristic could represent
a group classification criterion; other classification criteria are related to the degree
of homogeneity/heterogeneity in the group, the mechanisms of recruitment of
new members, the presence or absence of common interests towards goods (e.g.,
territory, domestic herds) or ritual knowledge. Generally groups are aimed at the
execution of a plan for the achievement of some final goal. Therefore, groups exist
since they carry out specific ‘functions’; the latter can be classified into three types:
executive, control and expressive functions. The executive aspect deals with the
need of a group to successfully adapt to the natural and social environment in
which it is set in order to achieve the goals of the group (e.g., the management
of resources, the performance of some ritual). The control aspect deals with the
enactment of mechanisms (e.g., behavioral norms, recruitment practices, rituals) for
the preservation of group characteristics, namely structure and goals. The expressive
aspect consists in the ability of the group to gratify on a psychological and emotional
level of its own members.

5.2.3 Canetti’s Crowd Theory

Elias Canetti’s work [10] proposes a classification and an ontological description of
the crowd phenomenon; this description represents the result of 40 years of empir-
ical observations and studies from psychological and anthropological viewpoints.
Elias Canetti can be considered as belonging to the tradition of social studies that
consider the crowd as an entity dominated by uniform moods and feelings. This
uniformity, the loss of individuality, however, are not the normal state of a set of
pedestrians in an environment, although maybe densely populated.

The normal pedestrian behavior, according to Canetti, is based upon what can be
called the fear to be touched principle:

There is nothing man fears more than the touch of the unknown. He wants to see what is
reaching towards him, and to be able to recognize or at least classify it.

All the distance which men place around themselves are dictated by this fear.

The normal situation can however be interrupted by a discharge, a particular
event, a situation, a specific context in which this principle is not valid anymore,
since pedestrians are willing to accept being very close, within touch distance.
Canetti provided an extensive categorization of the conditions, situations in which
this happens and he also described the features of these situations and of the
resulting types of crowds. Finally, Canetti also provides the concept of crowd
crystal, a particular set of pedestrians that are part of a group willing to preserve its
unity, despite crowd dynamics. Canetti’s theory (and precisely the fear to be touched
principle) is apparently compatible with Hall’s proxemics, but it also provides
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additional concepts that are useful to describe phenomena that take place in several
relevant crowding phenomena, especially from the Hajj perspective.

Recent developments aimed at formalizing, embedding and employing Canetti’s
crowd theory into computer systems (for instance, supporting crowd profiling
and modeling) can be found in the literature [2, 3] and they represent a useful
contribution to the present work.

5.2.4 Direct Observations

Direct observations, when carried out in a systematic way, represent a fundamental
instrument aimed at, on one hand, at highlighting phenomena to be modelled,
behavioral tendencies to be included in model mechanisms and, on the other, they
also represent a way to acquire quantitative information on some pedestrian and
crowd related phenomenon. Data and information deriving from the observation can
directly support some specific form of decision by an expert designer or planner, or
they can represent a useful element for the calibration of a simulation model.

Two relevant examples of direct observations that report relevant information
from the perspective of a modeler trying to capture elements of the behavior of
groups of pedestrians are represented by two video-based observational studies [48,
52]: the first paper, presents an analysis of three mixed-use (residential/retail)
uncluttered urban environments close to the city centers of Edinburgh and York
(essentially in free flow conditions), while the second analyzes an area between
the check-in facilities and the security control at the Dresden International Airport.
Both studies analyze the effect of the presence of groups, as well as other variables
like gender, age and even travel purpose (only for the second observation). Both
the observations conclude that members of groups tend to assume a lower speed
than individuals, very likely due to the tendency of each group member of adapting
his/her own movement to stay close to the other members. Similar considerations are
also discussed in [17], where a situation in which authors were expecting groups to
be less frequently identified and relevant, that is, an admission test to a programmed
number university course. Another recent study in the vein of Hall’s proxemics [13]
supports the above interpretation and also adds an analysis of the spatial patterns
and formations assumed by the group members.

While these works are extremely important in pointing out the fact that the
presence of groups can have a noticeable influence on walking behavior of pedestri-
ans, and therefore not considering this aspect can present a problem when making
predictions on pedestrians’ behaviors, they are not sufficient to actually characterize
this impact in general, since they essentially analyze situations in which pedestrians
have an almost unconstrained possibility to choose their walking direction and speed
due to the low level of density. Moreover, the analyzed groups are in most cases of
relatively small size: the analysis carried out in the context of the airport terminal
considered that larger groups split into smaller ones and focused on the latter, not
considering the potential influence of the larger group on the smaller ones. The real
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world scenario that will be analyzed in Sect. 5.6 will instead consider the presence
of potentially large groups (i.e. 250 members), although it does not consider the
presence of comprised smaller groups.

5.3 Pedestrians and Crowd Modeling Approaches

The aim of this section is to provide a compact but as comprehensive as possible
overview of the different approaches to the representation and simulation of crowd
dynamics: entire workshops and conferences attracting researchers from different
disciplines are focused on this topic (see, e.g., the proceedings of the first edition
of the International Conference on Pedestrian and Evacuation Dynamics [47] and
consider that this event will reach the sixth edition in 2012), therefore we are not
pretending to even mention the most significant approaches and model. We will
try, instead, to present broad classes identified according to the way pedestrians are
represented and managed, and in particular: (i) pedestrians as particles subject to
forces of attraction/repulsion, (ii) pedestrians as particular states of cells in a CA,
(iii) pedestrians as autonomous agents, situated in an environment.

5.3.1 Particle-Based Approach

A significant number of models and experiences of simulation of pedestrian dynam-
ics are based on an analytical approach, considering pedestrian as particles subject
to forces, and representing in this was the various forms of interaction between
pedestrian and the environment (and also among pedestrians themselves, in the case
of active walker models [26]). Forces of attraction lead the pedestrians/particles
towards their destinations, whereas forces of repulsion are used to represent the
tendency to stay at a distance from other points of the environment. This kind
of effect was introduced by a relevant and successful example of this modeling
approach, the social force model [25]; this approach introduces the notion of social
force, representing the tendency of pedestrians to stay at a certain distance one
from another; other relevant approaches take inspiration from fluid-dynamic [24]
and magnetic forces [39] for the representation of mechanisms governing flows of
pedestrians.

While this approach is based on a precise methodology and has provided relevant
results, it represents pedestrian as mere particles, whose goals, characteristics and
interactions must be represented by means of equations, and it is not simple thus
to incorporate heterogeneity and complex pedestrian behaviors in this kind of
model. Nonetheless, recent extensions of the basic social force model introduce a
contribution to the general laws of motion representing a form of cohesion between
members of a group [34,53]: the authors of these works focus on small unstructured
groups and they analyze the impact of this modification to the starting model in low
to moderate density scenarios.
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5.3.2 Cellular Automata Approach

A different approach to crowd modeling is characterized by the adoption of Cellular
Automata (CA), with a discrete spatial representation and discrete time-steps, to
represent the simulated environment and the entities it comprises. The cellular
space includes thus both a representation of the environment and an indication of
its state, in terms of occupancy of the sites it is divided into, by static obstacles
as well as human beings. Transition rules must be defined in order to specify the
evolution of every cell’s state; they are based on the concept of neighborhood of a
cell, a specific set of cells whose state will be considered in the computation of its
transition rule. The transition rule, in this kind of model, generates the illusion of
movement, that is mapped to a coordinated change of cells state. To make a simple
example, an atomic step of a pedestrian is realized through the change of state of two
cells, the first characterized by an “occupied” state that becomes “vacant”, and an
adjacent one that was previously “vacant” and that becomes “occupied”. This kind
of application of CA-based models is essentially based on previous works adopting
the same approach for traffic simulation [36].

Local cell interactions are thus the uniform (and only) way to represent the
motion of an individual in the space (and the choice of the destination of every
movement step). The sequential application of this rule to the whole cell space may
bring to emergent effects and collective behaviors. Relevant examples of crowd
collective behaviors that were modelled through CAs are the formation of lanes
in bidirectional pedestrian flows [7], the resolution of conflicts in multidirectional
crossing pedestrian flows [8]. In this kind of example, different states of the cells
represent pedestrians moving towards different exits; this particular state activates
a particular branch of the transition rule causing the transition of the related
pedestrian to the direction associated to that particular state. Additional branches
of the transition rule manage conflicts in the movement of pedestrians, for instance
through changes of lanes in case of pedestrians that would occupy the same cell
coming from opposite directions.

It must be noted, however, that the potential need to represent goal driven
behaviors (i.e. the desire to reach a certain position in space) has often led to extend
the basic CA model to include features and mechanisms breaking the strictly locality
principle. A relevant example of this kind of development is represented by a CA
based approach to pedestrian dynamics in evacuation configurations [45]. In this
case, the cellular structure of the environment is also characterized by a predefined
desirability level, associated to each cell, that, combined with more dynamic
effects generated by the passage of other pedestrians, guide the transition of states
associated to pedestrians. Recent developments of this approach introduce even
more sophisticated behavioral elements for pedestrians, considering the anticipation
of the movements of other pedestrians, especially in counter flows scenarios [38].

As for the particle–based approaches, also in CA pedestrians and crowd models
the impact of the presence of groups has been recently investigated [44]: once again,
group members have a tendency to stay close to each others, but this model also
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includes the possibility to represent leader and followers roles. The paper, however,
does not present a validation against real data or an application in a real–world
scenario.

5.3.3 Autonomous Agents Approach

Recent developments in this line of research (e.g. [14, 27]), introduce modifications
to the basic CA approach that are so deep that the resulting models can be considered
much more similar to agent–based and Multi Agent Systems (MAS) models
exploiting a cellular space representing spatial aspects of agents’ environment.
A MAS is a system made up of a set of autonomous components which interact, for
instance according to collaboration or competition schemes, in order to contribute
in realizing an overall behavior that could not be generated by single entities
by themselves. As previously introduced, MAS models have been successfully
applied to the modeling and simulation of several situations characterized by
the presence of autonomous entities whose action and interaction determines the
evolution of the system, and they are growingly adopted also to model crowds of
pedestrians [1, 6, 20, 50]. All these approaches are characterized by the fact that
the agents encapsulate some form of behavior inspired by the above described
approaches, that is, forms of attractions/repulsion generated by points of interest
or reference in the environment but also by other pedestrians.

Some of the agent based approaches to the modeling of pedestrians and crowds
were developed with the primary goal of providing a realistic 3D visualization of
the simulated dynamics: in this case, the notion of realism includes elements that are
considered irrelevant by some of the previous approaches, and it does not necessarily
require the models to be validated against data observed in real or experimental
situations. The approach described in [35] and in [49] is characterized by a very
composite model of pedestrian behavior, including basic reactive behaviors as
well as a cognitive control layer; moreover, actions available to agents are not
strictly related to their movement, but they also allow forms of direct interaction
among pedestrians and interaction with objects situated in the environment. Other
approaches in this area (see, e.g., [40]) also define layered architectures including
cognitive models for the coordination of composite actions for the manipulation of
objects present in the environment. Another relevant agent–based effort described
in [41], although adopting the social force model for some internal mechanisms (i.e.
local collision avoidance), employs guidance fields to achieve a goal directed agent
movement.

A recent effort [42] represents instead an attempt to define a model able
to reproduce composite forms of groups related dynamics: this modeling effort,
although it represents an interesting investigation of how expressive an agent–based
approach to the modeling of pedestrian groups can be, was not validated in a real
world scenario.
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5.4 GA-PED Model

We will now briefly introduce a model based on simple reactive situated agents
based on some fundamental features of CA approaches to pedestrian and crowd
modeling and simulation, with specific reference to the representation and man-
agement of the simulated environment and pedestrians; in particular, the adopted
approach is discrete both in space and in time. The present description of the model
is simplified and reduced for sake of space, reporting only a basic description of the
elements required to understand its basic mechanisms; an extended version of the
model description can be found in [5].

5.4.1 Environment

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 by an obstacle or by
a pedestrian, and in terms of additional information, for instance describing its
distance from a reference point or point of interest in the environment and/or its
desirability for pedestrians following a certain path in the environment.

The scale of discretization is determined according to the principle of achieving
cells in which at most one pedestrian can be present; traditionally the side of a cell
is fixed at 40 or 50 cm, respectively determining a maximum density of 4 and 6.5
pedestrian per square meter. The choice of the scale of discretization also influences
the length of the simulation turn: the average speed of a pedestrian can be set at
about 1.5 m/s (see, e.g., [52]) therefore, assuming that a pedestrian can perform a
single movement between a cell and an adjacent one (according to the Von Neumann
neighborhood), the duration of a simulation turn is about 0.33 s in case of a 50 cm
discretization and 0.27 in case of a finer 40 cm discretization.

Each cell can be either vacant, occupied by an obstacle or by a specific
pedestrian. In order to support pedestrian navigation in the environment, each cell
is also provided with specific floor fields [45]. In particular, each relevant final or
intermediate target for a pedestrian is associated to a floor field, representing a sort of
gradient indicating the most direct way towards the associated point of interest (e.g.,
see Fig. 5.1 in which a simple scenario and the relative floor field representation are
shown). The GA-Ped (Group Aware Pedestrian model) model only comprises static
floor fields, specifying the shortest path to destinations and targets. Interactions
between pedestrians, that in other models are described by the use of dynamic floor
fields, in this modeling approach are managed by the agent interpretation of the
perceived situation.
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Fig. 5.1 Schematic representation of a simple scenario: a 2.5 by 10 m corridor, with exits on the
short ends and 2 sets of 25 pedestrians. The discretization of 50 cm and the floor field directing
towards the right end is shown on the right

5.4.2 Pedestrians

Pedestrians in the GA-PED model have a limited form of autonomy, meaning that
they can choose were to move according to their perception of the environment
and their goal, but their action is actually triggered by the simulation engine
and they are not thus provided with a thread of control of their own. More
precisely, the simulation turn activates every pedestrian once in every turn, adopting
a random order in the agent selection: this agent activation strategy, also called
shuffled sequential updating [30], is characterized by the fact that conflicts between
pedestrians are prevented.

Each pedestrian is provided with a simple set of attributes: pedestrian = 〈pedID,
groupID〉 with pedID being an identifier for each pedestrian and groupID (possibly
null, in case of individuals) the group the pedestrian belongs to. For the applications
presented in this paper, the agents have a single goal in the experimental scenario,
but in more complex ones the environment could be endowed with multiple floor
fields and the agent could be also characterized by a schedule, in terms of a sequence
of floor fields and therefore intermediate destinations to be reached.

The behavior of a pedestrian is represented as a flow made up of three stages:
sleep, movement evaluation, movement. When a new iteration starts each pedestrian
is in a sleeping state. The system wakes up each pedestrian once per iteration and,
then, the pedestrian passes to a new state of movement evaluation. In this stage,
the pedestrian collects all the information necessary to obtain spatial awareness. In
particular, every pedestrian has the capability to observe the environment around
him, looking for other pedestrians (that could be part of his/her group), walls and
other obstacles, according to the Von Neumann neighborhood. The choice of the
actual movement destination between the set of potential movements (i.e. non empty
cells are not considered) is based on the elaboration of an utility value, called
likability, representing the desirability of moving into that position given the state
of the pedestrian.

Formally, given a pedestrian belonging to a group g and reaching a goal t, the
likability of a cell c is defined as:
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li(c,g, t) = wt ·goal(t,c)+wg ·group(g,c)−wo ·obs(c)−ws ·others(g,c)+ ε

where the functions obst counts the number of obstacles in the Von Neumann
neighborhood of a given cell, goal returns the value of the floor field associated
to the target t in a give cell, group and other respectively count the number of
members and non-members of the group g, ε represents a random value. Group
cohesion and floor field are positive components because the pedestrians wish to
reach their destinations quickly, while staying close to other group members. On
the contrary, the presence of obstacles and other pedestrians have a negative impact
as a pedestrian usually tends to avoid them. A random factor is also added to the
overall evaluation of the desirability of every cell.

In the usual floor field models, after a deterministic elaboration of the utility
of each cell, not comprising thus any random factor, the utilities are translated
into the probabilities that the related cell is selected as movement destination. This
means that for a pedestrian generally there is a higher probability of moving towards
his/her destination and according to proxemic considerations, but there is also the
probability, for instance, to move away from his/her goal or to move far from his/her
group. In this work, we decided to include a small random factor to the utility of each
cell and to choose directly the movement that maximizes the agent utility. A more
thorough comparison of the implications of this choice compared to the basic floor
field approach is out of the scope of this chapter and it is object of future works.

5.5 Experimental Scenario

The GA-Ped model was adopted to realize a set of simulations in different starting
conditions (mainly changing density of pedestrians in the environment, but also
different configurations of groups present in the simulated pedestrian population) in
a situation in which experiments focused at evaluating the impact of the presence of
groups of different size was being investigated.

5.5.1 Experiments

The environment in which the experiments took place is represented in Fig. 5.1: a 2.5
by 10 m corridor, with exits on the short ends. The experiments were characterized
by the presence of 2 sets of 25 pedestrians, respectively starting at the 2 ends of
the corridor (in 2 by 2.5 m areas), moving towards the other end. Various cameras
were positioned on the side of the corridor and the time required for the two sets
of pedestrians to complete their movement was also measured (manually from the
video footage).

Several experiments were conducted, some of which also considered the presence
of groups of pedestrians, that were instructed on the fact that they had to behave as
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friends or relatives while moving during the experiment. In particular, the following
scenarios have been investigated: (i) single pedestrians (three experiments); (ii) three
couples of pedestrians for each direction (two experiments); (iii) two triples of
pedestrians for each direction (three experiments); (iv) a group of six pedestrians
for each direction (four experiments).

One of the observed phenomena was that the first experiment actually required
more time for the pedestrians to complete the movement; the pedestrians actually
learned how to move and how to perform the experiment very quickly, since the
first experiment took them about 18 s while the average completion time over 12
experiments is about 15 s.

The number of performed experiments is probably too low to draw some defini-
tive conclusions, but the total travel times of configurations including individuals
and pairs were consistently lower than those not including groups. Qualitative
analysis of the videos showed that pairs can easily form a line, and this reduces the
friction with the facing group. Similar considerations can be done for large groups;
on the other end, groups of three pedestrians sometimes had difficulties in forming
a lane, retaining a triangular shape similar to the ‘V’ shaped observed and modeled
in [34], and this caused a total travel times that were higher than average in two of
the three experiments involving this type of group.

5.5.2 Simulation Results

We applied the model described in Sect. 5.4 to the previous scenario by means of
an agent-based platform based on GA-Ped approach. A description of the platform
can be found in [9]. We employed the gathered data and additional data available
in the literature to perform a calibration of the parameters, essentially determining
the relative importance of (a) the goal oriented, (b) general proxemics and (c) group
proxemic components of the movement choice. In particular, we first identified a
set of plausible values for the wt and wo parameters employing experimental data
regarding a one-directional flow. Then we employed data from bidirectional flow
situations to further tune these parameters as well as the value of the wg parameter:
the latter was set in order to achieve a balance between effectiveness in preserving
group cohesion and preserving aggregated measures on the overall pedestrian flow
(an excessive group cohesion value reduces the overall pedestrian flow and produces
unrealistic behavior).

We investigated the capability of our model to fit the fundamental diagram
proposed in the literature for characterising pedestrian simulations [46] and other
traffic related phenomena. This kind of diagram shows how the average velocity of
pedestrians varies according to the density of the simulated environment. Moreover,
we wanted to distinguish the different performance of different agent types, and
essentially individuals, members of pairs, groups of three and five pedestrians
over a relatively wide spectrum of densities. To do so, we performed continuous
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Fig. 5.2 Fundamental diagram for different pedestrian densities in the corridor scenario

simulations of the bidirectional pedestrian flows in the corridor with a changing
number of pedestrians, to alter their density. For each density value displayed in the
graph shown in Fig. 5.2 is related to at least 1 h of simulated time.

The achieved fundamental diagram represents in qualitatively correct way the
nature of pedestrian dynamics: the flow of pedestrians increases with the growing
of the density of the corridor unit a critical value is reached. If the system density is
increased beyond that value, the flow begins to decrease significantly as the friction
between pedestrians make movements more difficult.

The simulation results are in tune with the experimental data coming from
observations: in particular, the flow of pairs of pedestrians is consistently above
the curve of individuals. This means that the average speed of members of pairs is
actually higher than the average speed of individuals. This is due to the fact that they
easily tend to form a line, in which the first pedestrian has the same probability to be
stuck as an individual, but the follower has a generally higher probability to move
forward, following the path “opened” by the first member of the pair, as exemplified
in Fig. 5.3b. The same does not happen for larger groups, since for them it is more
difficult to form a line and therefore they offer a larger profile to the counter flow, as
shown in Fig. 5.3a: the curves related to groups of three and five members are below
the curve of individuals for most of the spectrum of densities, precisely until very
high density values are reached. In this case, the advantage of followers overcomes
the disadvantage of offering a larger profile to the counter flow and the combined
average velocity is higher than that of individuals.
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Fig. 5.3 In the left figure, the black pedestrians have not formed a line and they offer a larger
profile to the counter flow. In the right figure, they formed a line and the follower has a lower
probability to find an opposing pedestrian due to the presence of a sort of “emergent” leader

5.6 Real World Scenario

5.6.1 Environment and observations

The model was also adopted to elaborate different what-if scenarios in a real world
case study. In particular, the simulated scenario is characterized by the presence of a
station of the Mashaer line, a newly constructed rail line in the area of Makkah. The
goal of this infrastructure is to reduce the congestion caused by the presence of other
collective means of pilgrim transportation (i.e. buses) during the Hajj: the yearly
pilgrimage to Mecca that involves over two millions of people coming from over 150
countries and some of its phase often result in congestions of massive proportions.
In this work, we are focusing on a specific point of one of the newly constructed
stations, Arafat I. One of the most demanding situations that the infrastructure of
the Mashaer Rail line must be able to sustain is the one that takes place after the
sunset of the second day of the pilgrimage, which involves the transport of pilgrims
from Arafat to Muzdalifah. The pilgrims that employ the train to proceed to the next
phase of the process must be able to move from the tents or other accommodation
to the station in an organised flow that should be consistent with the movement of
trains from Arafat to Muzdalifah stations. Since pilgrims must leave the Arafat area
before midnight, the trains must continuously load pilgrims at Arafat, carry them to
Muzdalifah, and come back empty to transport other pilgrims.

The size of the platforms was determined to allow hosting in a safe and
comfortable way a number of pilgrims also exceeding the potential number of
passengers of a whole train. Each train is made up of 12 wagons, each able to
carry 250 passengers for a total of approximately 3,000 persons. In order to achieve
an organized and manageable flow of people from outside the station area to the
platforms, the departure process was structured around the idea of waiting–boxes:
pilgrims are subdivided into groups of about 250 persons that are led by specific
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Fig. 5.4 Photos and a schematic representation of the real world scenario and the related
phenomena: groups of pilgrims move from the tents area according to a precise schedule and flow
into the waiting boxes, fenced queuing areas located in immediately outside the station, between
the access ramps. The groups wait in these areas for an authorization by the station agents to move
towards the ramps or elevators

leaders (generally carrying a pole with signs supporting group identification). The
groups start from the tents area and flow into these fenced queuing areas located
in immediately outside the station, between the access ramps. Groups of pilgrims
wait in these areas, called waiting boxes, for an authorization by the station agents
to move towards the ramps or elevators. In this way, it is possible to stop the flow
of pilgrims whenever the number of persons on the platforms (or on their way to
reach it using the ramps or elevators) is equal to the train capacity, supporting thus
a smooth boarding operation.

Three photos and a schematic representation of the real world scenario and
the related phenomena are shown in Fig. 5.4: the bottom right photo shows a
situation in which the waiting-box principle, preventing the possibility of two flows
simultaneously converging to a ramp, was not respected, causing a higher than
average congestion around the ramp. This anomaly was plausibly due to the fact
that it was the first time the station was actually used, therefore also the management
personnel was not experienced in the crowd management procedures.
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5.6.2 Simulation Results

Three different scenarios were realized adopting the previously defined model and
using the parameters that were employed in the previous case study: (i) the flow
of a group of pilgrims from one waiting box to the ramp; (ii) the simultaneous
flow of two groups from two different waiting boxes to the same ramp; (iii) the
simultaneous flow of three groups of pilgrims, two as in the previous situation, one
coming directly from the tents area. Every group included 250 pilgrims. The goal of
the analysis was to understand if the model is able to qualitatively reflect the increase
in the waiting times and the space utilization when the waiting box principle was
not respected.

The environment was discretized adopting 50 cm sided cells and the cell space
was endowed with a floor field leading towards the platform, by means of the
ramp. The floor field was generated according to well known techniques (essentially
employing the Manhattan Distance [29] corrected introducing a minor effect of
repulsion generated by obstacles, as in [37]). The different speed of pedestrians
in the ramp was not considered: this scenario should be therefore considered as a
best case situation, since pilgrims actually flow through the ramp more slowly than
in our simulation. Consequently, we will not discuss here the changing of the travel
time between the waiting boxes and the platform (that however increased with the
growth of the number of pilgrims in the simulated scenario), but rather different
metrics of space utilization. This kind of metric is tightly related to the so called
level of service [18], a measure of the effectiveness of elements of a transportation
infrastructure; it is also naturally related to proxemics, since a low level of service
is related to a unpleasant perceived situation due to the invasion of the personal (or
even intimate) space.

The diagrams shown in Fig. 5.5 report three metrics describing three different
phenomena in the same area, including a ramp (on the left) and three waiting boxes
(on the right). The three phenomena are related to (i) a situation in which an agent in
a cell of the environment was willing to move but it was unable to perform the action
due to the excessive space occupation; (ii) a situation in which an agent actually
moved from a cell of the environment; (iii) the “set sum” of the previous situations,
in other words, the situations in which a cell was occupied by agent, that either
moved out of the cell or remained stuck in there. More precisely, diagrams show
the relative frequency of the above events on the whole simulation time. The three
metrics are depicted graphically following the same approach: the background color
of the environment is black and obstacles are red (gray in a B&W rendering); each
point associated to a walkable area (i.e. a cell of the model) is painted in a different
shade of gray according to the value of the metric in that specific point. The black
color is therefore associated to point if the environment in which the related metric is
0; the white color is associated to the point in which the metric assumes the highest
value in the scenario (also shown in the legend). For instance, in all diagrams in
the third row the points of space close to the ramp entrance are white or light gray,
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Fig. 5.5 Space utilization diagrams related to the three alternative simulated scenarios in the same
area, including a ramp (on the left) and three waiting boxes (on the right). The different columns
depict three space utilization metrics (described in the text) respectively in case of (i) a single
group entering the station from one waiting box, (ii) two groups simultaneously approaching the
ramp from two waiting boxes and (iii) two groups moving towards the station from waiting boxes
and another one directly from the tents area. (a) One waiting box – block situations. (b) Two
waiting boxes – blocks situations. (c) Two waiting boxes and external flow – block situation.
(d) One waiting box – Flow from cell situation. (e) Two waiting boxes – flows from cell situation.
(f) two waiting boxes and external flow – flow from cell situations. (g) One waiting box – total
space utilization. (h) Two waiting boxes – total space utilization. (i) Two waiting boxes and external
flow – total space utilization



5 Modeling a Crowd of Groups: Multidisciplinary and Methodological Challenges 117

while the space of the waiting area from which the second group starts is black in
the first column, since the group is not present in the related situation and therefore
that portion of space is not actually utilized.

The different columns depict three space utilization metrics respectively in case
of (i) a single group entering the station from one waiting box, (ii) two groups
simultaneously approaching the ramp from two waiting boxes and (iii) two groups
moving towards the station from waiting boxes and another one directly from the
tents area. The difference between the first and second scenario is not apparent
in terms of different values for the maximum space utilization metrics (they are
actually slightly lower in the second scenario), but the area characterized by a
medium-high space utilization is actually wider in the second case. The third
scenario is instead characterized by a noticeably worse performance not only from
the perspective 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.
In particular, in the most utilized cell of the third scenario, an agent was stuck about
66% of the simulated time, compared to the 46 and 44% of the first and second
scenarios.

This analysis therefore 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. Also the
utilization of space increases significantly and, in the third situation, the whole
side of the ramp becomes essentially a queue of pilgrims waiting to move towards
the ramp. Another phenomenon that was not highlighted by the above diagrams
is the fact that groups face a high pressure to mix when reaching the entrance of
the ramp, which is a negative factor since crowd management procedures adopted
in the scenario are based on the principle of preserving group cohesion and keeping
different groups separated. 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.

5.7 Opportunities and Challenges for Crowd Analysis
Methods

A comprehensive framework trying to put together different aspects and aims of
pedestrians and crowd dynamics research has been defined in [28]. The central
element of this schema is the mutually influencing (and possibly motivating)
relationship between the above mentioned efforts aimed at synthesizing crowd
behavior and other approaches that are instead aimed at analyzing field data about
pedestrians and crowds in order to characterize it different ways. It must be noted,
in fact, that some approaches have the goal of producing aggregate level quantities
(e.g. people counting, density estimation), while others are aimed at producing
finer-grained results (i.e. tracking people in scenes) and other ones are instead
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aimed at identifying some specific behavior in the scene (e.g. main directions,
velocities, unusual events). The different approaches adopt different techniques,
some performing a pixel–level analysis, others considering larger patches of the
image, i.e. texture–level analysis; other techniques require instead the detection of
proper objects in the scene, a real object–level analysis.

From the perspective of the requirements for the synthesis of quantitatively
realistic pedestrian and crowd behavior, it must be stressed that both aggregate
level quantities and granular data are of general interest: a very important way
to characterize a simulated scenario is represented by the previously mentioned
fundamental diagram [46], that is, the relationship in a given scenario between
the flow of pedestrians in a section and their density. Qualitatively, a good model
should be able to reproduce an empirically observed phenomenon characterized
by the growth of the flow until a certain density value (also said critical density)
is reached; then the flow should decrease. However, every specific situation is
characterized by a different shape of this curve, the position of critical density
point and the maximum flow level; therefore even relatively “basic” counting and
density estimation techniques can provide useful information in case of observations
in real world scenarios. Density estimation approaches can also help in evaluating
qualitatively the patterns of space utilization generated by simulation models against
real data. Tracking techniques instead can be adopted to support the estimation of
travelling times (and length of the followed path) by pedestrians. Crowd behavior
understanding techniques can help in determining main directions and the related
velocities. In this perspective, some relevant and fruitful experiences can already
be mentioned: in [41] the authors are able to essentially derive guidance fields, that
is, significant elements of the modeling approach managing goal driven tendencies
of pedestrian agents directly from video footage. In [19] an anticipative system
integrating computer vision techniques and pedestrian simulation is used to suggest
crowd management solutions (e.g. guidance signals) to avoid congestion situations
in evacuation processes. In [31] a pedestrian model is instead exploited to improve
the performance of a multiple–people tracker in semi–crowded conditions. Finally,
in [43] the authors propose to employ the social force model to support the detection
of abnormal crowd behavior in video sequences.

It is important to emphasize that anthropological considerations about human
behavior [23] are growingly considered as crucial both in the computerized
analysis of crowds [28] and in the synthesis of believable pedestrian and crowd
behavior [32, 51]. They can also represent a useful source of considerations on the
analyzed phenomenon and they can guide some relevant modeling choices.

One of the currently least investigated pathways in this articulated research
context is characterized by new requirements coming from novel research questions
that were defined in the area of synthesis of pedestrians and crowd behavior.
In particular, we think that the first results in the modeling of the implications
of groups of pedestrians in larger crowds, supported by empirical observations
possibly deriving from the manual analysis of video footages of ad hoc experiments,
can lead to the identification of patterns, particular shapes and morphologies,
recurrent situations, that can represent a form of contextual information from
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which automated computer vision techniques can benefit [21]. The automatic
identification, tracking and characterization of groups (e.g. shapes, estimation of the
number of members) by means of computer vision techniques could lead, in turn,
to a substantial improvement of the possibility to effectively calibrate and validate
pedestrian models considering groups in challenging innovative scenarios.

5.8 Conclusions and Future Work

The chapter has introduced a recent and current trend of research in the modeling,
simulation and visual analysis of pedestrians and crowds, that is, the study of
the impact of groups on the overall crowd dynamics, and its implications of
the aforementioned research activities as well as their outcomes. The chapter
has described some relevant influential contributions from anthropological and
sociological disciplines, and it has presented a brief state of the art of pedestrians
and crowd modeling and simulation. An effort aimed at modeling crowds in terms of
groups has been introduced and its results in an experimental and a real-world sce-
nario have been discussed. Finally, the opportunities arising from a more systematic
interaction between the efforts aimed at synthesizing and analyzing pedestrians and
crowd behaviors have been discussed. Future works in this framework are naturally
aimed at extending the modeling approach to allow the representation of more
composite forms of groups and extending the range of analyzed scenarios with a
validation against empirical data.

Acknowledgements This work is a result of the Crystal Project, funded by the Center of Research
Excellence in Hajj and Omrah (Hajjcore), Umm Al-Qura University, Makkah, Saudi Arabia.
Our acknowledgement for the common work in the project and for fruitful discussions goes
to Katsuhiro Nishinari (RCAST – Research Center for Advanced Science and Technology, The
University of Tokyo, Japan), our valuable partner within the Crystals Project. We also thank
Ugo Fabietti (CREAM – University of Milano-Bicocca) for his contribution from the area of
Anthropology.

References

1. Bandini, S., Federici, M.L., Vizzari, G.: Situated cellular agents approach to crowd modeling
and simulation. Cybern. Syst. 38(7), 729–753 (2007)

2. Bandini, S., Manenti, L., Manzoni, S., Sartori, F.: A knowledge-based approach to crowd clas-
sification. In: Proceedings of the 5th International Conference on Pedestrian and Evacuation
Dynamics, March 8–10, Gaithersburg, MD, USA (2010)

3. Bandini, S., Manzoni, S., Redaelli, S.: Towards an ontology for crowds description: a proposal
based on description logic. In: Umeo, H., Morishita, S., Nishinari, K., Komatsuzaki, T.,
Bandini, S. (eds.) ACRI. Lecture Notes in Computer Science, vol. 5191, pp. 538–541. Springer,
Berlin, Germany (2008)



120 S. Bandini and G. Vizzari

4. Bandini, S., Manzoni, S., Vizzari, G.: Agent based modeling and simulation: an informatics
perspective. J. Artif. Soc. Soc. Simul. 12(4), 4 (2009)

5. Bandini, S., Rubagotti, F., Vizzari, G., Shimura, K.: An agent model of pedestrian and group
dynamics: experiments on group cohesion. In: Pirrone, R., Sorbello, F. (eds.) AI*IA. Lecture
Notes in Computer Science, vol. 6934, pp. 104–116. Springer, Berlin, Germany (2011)

6. Batty, M.: Agent based pedestrian modeling (editorial). Environ. Plan. B: Plan. Des. 28,
321–326 (2001)

7. Blue, V.J., Adler, J.L.: Cellular automata microsimulation of bi-directional pedestrian flows.
Transp. Res. Rec. 1678, 135–141 (1999)

8. Blue, V.J., Adler, J.L.: Modeling four-directional pedestrian flows. Trans. Res. Rec. 1710,
20–27 (2000)

9. Bonomi, A., Manenti, L., Manzoni, S., Vizzari, G.: Makksim: dealing with pedestrian groups
in MAS-based crowd simulation. In: Fortino, G., Garro, A., Palopoli, L., Russo, W., Spezzano,
G. (eds.) WOA. CEUR Workshop Proceedings, Rende, vol. 741, pp. 166–170 (2011). http://
CEUR-WS.org

10. Canetti, E.: Crowds and power. Farrar, Straus and Giroux, New York (1984)
11. Challenger, R., Clegg, C.W., Robinson, M.A.: Understanding crowd behaviours: Supporting

evidence. Tech. rep., University of Leeds (2009)
12. Chattaraj, U., Seyfried, A., Chakroborty, P.: Comparison of pedestrian fundamental diagram

across cultures. Adv. Complex Syst. 12(3), 393–405 (2009)
13. Costa, M.: Interpersonal distances in group walking. J. Nonverbal Behav. 34, 15–26 (2010).

http://dx.doi.org/10.1007/s10919-009-0077-y, doi:10.1007/s10919-009-0077-y
14. Dijkstra, J., Jessurun, J., de Vries, B., Timmermans, H.J.P.: Agent architecture for simulating

pedestrians in the built environment. In: International Workshop on Agents in Traffic and
Transportation, pp. 8–15, Hakodate, Japan (2006)

15. Dopfer, K., Foster, J., Potts, J.: Micro-meso-macro. J. Evol. Econ. 14, 263–279 (2004). http://
dx.doi.org/10.1007/s00191-004-0193-0, doi:10.1007/s00191-004-0193-0

16. Fabietti, U.E.M.: Gruppi – Antropologia, vol. Enciclopedia delle Scienze Sociali, pp. 424–429.
Treccani (1994)

17. Federici, M.L., Gorrini, A., Manenti, L., Vizzari, G.: An innovative scenario for pedestrian
data collection: the observation of an admission test at the university of Milano-Bicocca. In:
Proceedings of the 6th International Conference on Pedestrian and Evacuation Dynamics –
PED 2012, Zurich, Switzerland (2012)

18. Fruin, J.J.: Pedestrian planning and design. Metropolitan Association of Urban Designers and
Environmental Planners, New York (1971)

19. Georgoudas, I.G., Sirakoulis, G.C., Andreadis, I.: An anticipative crowd management system
preventing clogging in exits during pedestrian evacuation processes. IEEE Syst. J. 5(1),
129–141 (2011)

20. Gloor, C., Stucki, P., Nagel, K.: Hybrid techniques for pedestrian simulations. In: Sloot,
P.M.A., Chopard, B., Hoekstra, A.G. (eds.) 6th International Conference on Cellular Automata
for Research and Industry, ACRI 2004. Lecture Notes in Computer Science, vol. 3305,
pp. 581–590. Springer, Berlin, Germany (2004)

21. Gualdi, G., Prati, A., Cucchiara, R.: Contextual information and covariance descriptors for
people surveillance: An application for safety of construction workers. EURASIP J. Image
Video Process. 2011 (2011)

22. Hall, E.T.: A system for the notation of proxemic behavior. Am. Anthropol. 65(5), 1003–1026
(1963). http://www.jstor.org/stable/668580

23. Hall, E.T.: The Hidden Dimension. Anchor Books, New York (1966)
24. Helbing, D.: A fluid–dynamic model for the movement of pedestrians. Complex Syst. 6(5),

391–415 (1992)
25. Helbing, D., Molnár, P.: Social force model for pedestrian dynamics. Phys. Rev. E 51(5),

4282–4286 (1995)
26. Helbing, D., Schweitzer, F., Keltsch, J., Molnár, P.: Active walker model for the formation of

human and animal trail systems. Phys. Rev. E 56(3), 2527–2539 (1997)

http://CEUR-WS.org
http://CEUR-WS.org
http://dx.doi.org/10.1007/s10919-009-0077-y
http://dx.doi.org/10.1007/s00191-004-0193-0
http://dx.doi.org/10.1007/s00191-004-0193-0
http://www.jstor.org/stable/668580


5 Modeling a Crowd of Groups: Multidisciplinary and Methodological Challenges 121

27. Henein, C.M., White, T.: Agent-based modelling of forces in crowds. In: Davidsson, P.,
Logan, B., Takadama, K. (eds.) Joint Workshop on Multi-agent and Multi-agent-based
Simulation, MABS 2004, New York, 19 July 2004, Revised Selected Papers. Lecture Notes
in Computer Science, vol. 3415, pp. 173–184. Springer (2005)

28. Junior, J.C.J., Musse, S.R., Jung, C.R.: Crowd analysis using computer vision techniques. IEEE
Signal Process. Mag. 27(5), 66–77 (2010)

29. Kirchner, A., Schadschneider, A.: Simulation of evacuation processes using a bionics-inspired
cellular automaton model for pedestrian dynamics. Phys. A: Stat. Mech. Appl. 312(1–2),
260–276 (2002). http://www.sciencedirect.com/science/article/pii/S0378437102008579

30. Klüpfel, H.: A cellular automaton model for crowd movement and egress simulation. P.hd.
thesis, University Duisburg-Essen (2003)

31. Leal-Taixé, L., Pons-Moll, G., Rosenhahn, B.: Everybody needs somebody: modeling social
and grouping behavior on a linear programming multiple people tracker. In: ICCV Workshops,
pp. 120–127. IEEE, Barcelona, Spain (2011)

32. Manenti, L., Manzoni, S., Vizzari, G., Ohtsuka, K., Shimura, K.: Towards an agent-based
proxemic model for pedestrian and group dynamic. In: Omicini, A., Viroli, M. (eds.) WOA.
CEUR Workshop Proceedings, vol. 621, Rimini, Italy (2010). http://CEUR-WS.org

33. Manenti, L., Manzoni, S., Vizzari, G., Ohtsuka, K., Shimura, K.: An agent-based proxemic
model for pedestrian and group dynamics: motivations and first experiments. In: Villatoro, D.,
Sabater-Mir, J., Sichman, J.S. (eds.) MABS. Lecture Notes in Computer Science, vol. 7124,
pp. 74–89. Springer Berlin, Germany (2011)

34. Moussaïd, M., Perozo, N., Garnier, S., Helbing, D., Theraulaz, G.: The walking behaviour of
pedestrian social groups and its impact on crowd dynamics. PLoS ONE 5(4), e10047 (2010).
http://dx.doi.org/10.1371%2Fjournal.pone.0010047

35. Musse, S.R., Thalmann, D.: Hierarchical model for real time simulation of virtual human
crowds. IEEE Trans. Vis. Comput. Graph. 7(2), 152–164 (2001)

36. Nagel, K., Schreckenberg, M.: A cellular automaton model for freeway traffic. Journal de
Physique I France 2(2221), 222–235 (1992)

37. Nishinari, K., Kirchner, A., Namazi, A., Schadschneider, A.: Extended floor field ca model for
evacuation dynamics. IEICE Trans. Inf. syst. 87(3), 726–732 (2004)

38. Nishinari, K., Suma, Y., Yanagisawa, D., Tomoeda, A., Kimura, A., Nishi, R.: Toward smooth
movement of crowds. In: Pedestrian and Evacuation Dynamics 2008, pp. 293–308. Springer,
Berlin/Heidelberg (2008)

39. Okazaki, S.: A study of pedestrian movement in architectural space, part 1: pedestrian
movement by the application of magnetic models. Trans. A.I.J. 283, 111–119 (1979)

40. Paris, S., Donikian, S.: Activity-driven populace: A cognitive approach to crowd simulation.
IEEE Comput. Graph. Appl. 29(4), 34–43 (2009)

41. Patil, S., van den Berg, J.P., Curtis, S., Lin, M.C., Manocha, D.: Directing crowd simulations
using navigation fields. IEEE Trans. Vis. Comput. Graph. 17(2), 244–254 (2011)

42. Qiu, F., Hu, X.: Modeling group structures in pedestrian crowd simulation. Simul. Model.
Pract. Theory 18(2), 190–205 (2010)

43. Raghavendra, R., Bue, A.D., Cristani, M., Murino, V.: Abnormal crowd behavior detection by
social force optimization. In: Salah, A.A., Lepri, B. (eds.) HBU. Lecture Notes in Computer
Science, vol. 7065, pp. 134–145. Springer, Berlin, Germany (2011)

44. Sarmady, S., Haron, F., Talib, A.Z.H.: Modeling groups of pedestrians in least effort crowd
movements using cellular automata. In: Al-Dabass, D., Triweko, R., Susanto, S., Abraham,
A. (eds.) Asia International Conference on Modelling and Simulation, pp. 520–525. IEEE
Computer Society, Bali, Indonesia (2009)

45. Schadschneider, A., Kirchner, A., Nishinari, K.: CA approach to collective phenomena in
pedestrian dynamics. In: Bandini, S., Chopard, B., Tomassini, M. (eds.) 5th International
Conference on Cellular Automata for Research and Industry, ACRI 2002. Lecture Notes in
Computer Science, vol. 2493, pp. 239–248. Springer, Berlin, Germany (2002)

http://www.sciencedirect.com/science/article/pii/S0378437102008579
http://CEUR-WS.org
http://dx.doi.org/10.1371%2Fjournal.pone.0010047


122 S. Bandini and G. Vizzari

46. Schadschneider, A., Klingsch, W., Klüpfel, H., Kretz, T., Rogsch, C., Seyfried, A.: Evacuation
dynamics: empirical results, modeling and applications. In: Meyers, R.A. (ed.) Encyclopedia
of Complexity and Systems Science, pp. 3142–3176. Springer, New York (2009)

47. Schreckenberg, M., Sharma, S.D. (eds.): Pedestrian and Evacuation Dynamics. Springer,
Berlin, Germany (2001)

48. Schultz, M., Schulz, C., Fricke, H.: Passenger dynamics at airport terminal environment. In:
Klingsch, W.W.F., Rogsch, C., Schadschneider, A., Schreckenberg, M. (eds.) Pedestrian and
Evacuation Dynamics 2008, pp. 381–396. Springer, Heidelberg/New York (2010)

49. Shao, W., Terzopoulos, D.: Autonomous pedestrians. Graph. Models 69(5–6), 246–274 (2007)
50. Toyama, M.C., Bazzan, A.L.C., da Silva, R.: An agent-based simulation of pedestrian

dynamics: from lane formation to auditorium evacuation. In: Nakashima, H., Wellman, M.P.,
Weiss, G., Stone, P. (eds.) 5th International Joint Conference on Autonomous Agents and
Multiagent Systems (AAMAS 2006), pp. 108–110. ACM, Hakodate, Japan (2006)

51. Was, J.: Crowd dynamics modeling in the light of proxemic theories. In: Rutkowski, L.,
Scherer, R., Tadeusiewicz, R., Zadeh, L.A., Zurada, J.M. (eds.) ICAISC (2). Lecture Notes
in Computer Science, vol. 6114, pp. 683–688. Springer, Berlin, Germany (2010)

52. Willis, A., Gjersoe, N., Havard, C., Kerridge, J., Kukla, R.: Human movement behaviour in
urban spaces: implications for the design and modelling of effective pedestrian environments.
Environ. Plan. B 31(6), 805–828 (2004)

53. Xu, S., Duh, H.B.L.: A simulation of bonding effects and their impacts on pedestrian dynamics.
IEEE Trans. Intell. Transp. Syst. 11(1), 153–161 (2010)


	5 Modeling a Crowd of Groups: Multidisciplinary and  Methodological Challenges
	5.1 Introduction
	5.2 Influential Contributions on Pedestrians and Crowd Modeling
	5.2.1 Proxemics
	5.2.2 Groups: Contributions from Anthropology
	5.2.3 Canetti's Crowd Theory
	5.2.4 Direct Observations

	5.3 Pedestrians and Crowd Modeling Approaches
	5.3.1 Particle-Based Approach
	5.3.2 Cellular Automata Approach
	5.3.3 Autonomous Agents Approach

	5.4 GA-PED Model
	5.4.1 Environment
	5.4.2 Pedestrians

	5.5 Experimental Scenario
	5.5.1 Experiments
	5.5.2 Simulation Results

	5.6 Real World Scenario
	5.6.1 Environment and observations
	5.6.2 Simulation Results

	5.7 Opportunities and Challenges for Crowd Analysis Methods
	5.8 Conclusions and Future Work
	References


