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Abstract: - Crowd is an emergent phenomenon raised by the local interactions of a large number of individuals. 

Managing these interactions implies both low level mechanisms such as navigation and path planning in virtual 

environments, and high level behaviors qualified as social behaviors. Most existing simulation models deal 

with the navigation process, leading to the emergence of macroscopically identifiable groups. However, these 

models do not provide means to individuals to reason about groups, and so to take into account groups in social 

behaviors. In this paper, we propose a novel behavioral approach to simulate high-level decision mechanisms 

based on social characteristics. These mechanisms enable the support of social agents evolving in informed 

virtual geospatial environments. We show that this agent-based model allows taking into account different 

psychological and sociological theories in order to provide realistic and sophisticated groups management. 

Finally, we show the interest of our approach to crowd simulation thanks to its application to the simulation of 

crowd control in urban environments. 

 

 

Key-Words: - Social Agents, Virtual Humans, Informed Virtual Geospatial Environments, Social 

Behavior, Crowd Simulation. 

 

1 Introduction 

Understanding social behaviors such as the crowd 

phenomenon has reached a rapidly growing 

audience from a variety of disciplines, either 

animation for entertainment goals, or simulation for 

validation and safety reasons. However, most of the 

current approaches usually focus on physical 

interactions occurring between individuals in 

crowds.  These approaches do not consider the 

behavioral aspects neither the interactions with the 

physical environment. Though, the high-level 

decisions of individuals are strongly influenced by 

their belonging to groups, be they emergent like in 

crowds, or set like a family. Indeed, the influence of 

a group can be so strong that it may imply a 

complete behavioral change of an individual, as it 

the case in panic or rioting situations.  

One candidate approach to simulate crowds is 

Multi-Agent Geo-Simulation (MAGS). MAGS is a 

modeling and simulation paradigm which aims to 

study phenomena in a variety of domains involving 

a large number of heterogeneous actors 

(implemented as software agents) evolving in, and 

interacting with, a Virtual representation of the 

Geospatial Environment (VGE) [5]. Crowd 

phenomena take place in a spatial environment, and 

ignoring the characteristics of this environment 

would greatly decrease the quality of crowd 

simulations. A critical step towards the development 

of an efficient crowd simulation tool is the creation 

of a VGE, using appropriate representations of the 

geographic space and of the sensors evolving in it, 

in order to efficiently support the agent situated 

reasoning [3]. Since a geographic environment may 

be complex and of large scale, the creation of a 

VGE is difficult and needs large quantities of 

geometrical data originating from the environment 

characteristics (terrain elevation, location of objects 

and agents, etc.) as well as semantic information 

that qualifies space (trees, buildings, etc.). In order 

to yield realistic crowd simulations, a VGE must 

precisely represent the geometrical information 

which corresponds to geographic features. It must 

also integrate several semantic notions about various 

geographic features. To this end, we propose to 

enrich the VGE with semantic information that is 

associated with the geographic features. A number 

of challenges arise when creating such a 

semantically-enriched and geometrically-accurate 

representation of a VGE, among which we mention 

[5]: 1) automatically creating an accurate geometric 

representation of a 3D VGE; 2) automatically 

integrating the geometric representation with several 

types of semantic information; 3) making use of this 
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representation in “situated reasoning” algorithms. 

Examples of such algorithms include path planning 

and navigation which aims to support agent mobility 

within the with respect to the environment’s 

characteristics (obstacles, land cover, terrain shape, 

etc.). 

In this paper, we aim at gaining better insight in 

social behaviors as well as the modelling of virtual 

geospatial environment. We propose a bottom up 

approach of the crowd phenomenon, by making it 

emerge from the sum of individual behaviors and 

interactions between individuals or with the physical 

environment. We particularly focus on the high-

level decision mechanisms related to groups and 

social considerations, by building our model on 

well-established sociological and psychological 

theories. Nevertheless, our model fits in the 

continuity of recent agent-based approaches by 

extending the agents reasoning abilities, while 

taking advantage of existing reactive behavioral 

models. The proposed model also builds on top of 

spatial agent capabilities to interact with virtual 

geospatial environments.  

The rest of the paper is organized as follows. 

Section 2 also provides an overview on the 

importance of virtual geospatial environments to 

support agent interactions with the virtual 

environment in which it evolves. It also presents 

related works on crowd simulation as well as social 

behaviors either from a computer science or a 

sociological point of view. Section 3, introduces a 

new model to automatically build informed virtual 

geographic environments Section 3 provides an 

overview of our social agent’s behavioral model. 

Section 4 details the high-level decision mechanism 

and the social behaviors of our agents. Section 5 

highlights some simulation results, and presents an 

illustration of the concepts introduced in this paper. 

Finally, Section 6 concludes with the perspectives of 

our work. 

 

2 Related Work 

2.1 Virtual Geospatial Environments  

GIS data are mainly represented in two forms [1]: 

raster and vector formats. The raster format 

subdivides semantic information into regular 

squares or square regions representing discrete, 

contiguous land areas. This approach generally 

presents averaged quantitative data, whose precision 

depends on the subdivision size. The vector format 

exactly locates semantic information with arbitrary 

complex geometric shapes. This approach generally 

presents one qualitative object per defined shape.  

The VGE exploitation of these data is generally 

done in two ways. First, the grid method [2] is the 

direct mapping of the raster format, and can also be 

applied to the vector format (Figure 1). The 

advantage of this discrete method is that multiple 

semantic data layers are easily merged in the same 

geometric representation [3]: the locations where 

data can be stored are predefined by the grid cells. 

The main drawback of this method is the problem of 

localization accuracy, which makes it difficult to 

position information that is not aligned with the 

subdivision. Another disadvantage of the grid 

approach is that its memory complexity depends on 

the chosen cell resolution, which makes it difficult 

to represent large environments with fine precision. 

This method is mainly used for animation [3] or 

large crowd simulation [2] because of the fast data 

access it provides.  

 

 

 

 

Fig 1. The two common cell decomposition techniques 

used to represent environments 

Second, the exact geometric subdivision method 

consists of subdividing the environment in convex 

cells defined by the original vector format. The 

convex cells can be obtained by several algorithms, 

among which the most popular is the Constrained 

Delaunay Triangulation (CDT) [4]. The CDT 

produces triangles while keeping the original 

geometric shapes whose boundaries are named 

constraints. The first advantage of the exact 

subdivision is that it preserves the input geometry, 

allowing accurate visualization of the environment 

at different scales. Another advantage is that the 

memory complexity of this approach only depends 
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on the number of shapes, not on the environment’s 

extent and subdivision as is the case for grids. The 

main drawback of this approach is the difficulty of 

merging multiple semantic data for partially 

overlapping shapes. This method tends to be used 

for crowd microscopic simulation where the motion 

accuracy is fundamental.  

Two kinds of information can be stored in the 

description of a VGE. Quantitative data are stored 

as numerical values which are generally used to 

depict geometric properties (like a path’s width of 2 

meters) or statistical values (like a density of 2.5 

persons per square meter). Qualitative data are 

introduced as identifiers which can be a reference to 

an external database or a word with arbitrary 

semantics, called a label. Such labels can be used to 

qualify an area (like a road or a building) or to 

interpret a quantitative value (like a narrow passage 

or a crowded place). An advantage of interpreting 

quantitative data is to reduce a potentially infinite 

set of inputs to a discrete set of values, which is 

particularly useful to condense information in 

successive abstraction levels to be used for 

reasoning purposes.  

In this paper, we briefly illustrate our approach that 

is based on an exact representation whose precision 

allows realistic applications such as micro-

simulation of crowds [4]. The resulting topological 

graph encompasses quantitative data as well as 

qualitative information from the arcs of the graph 

are propagated to the nodes, which allows, for 

example, deduction of the internal parts of the 

buildings or of the roads in addition to their outline.  

 2.2 Crowd Simulation 

Since critical situations such as escape panic and 

unplanned evacuations may threaten public safety, 

many research works have been carried out on the 

simulation of dense crowds. Models based on 

particle and fluid dynamics have been proposed to 

explain people’s behaviors in such constrained 

situations, mainly for evacuations scenarii. In these 

models individuals’ behaviors are very simple and 

mainly consist of reactions to surrounding forces. 

For example, Helbing et al. [12] introduced the 

Social force model for pedestrian dynamics, where 

individual motion is subject to so-called social 

forces (acceleration, attraction, repulsion) which are 

a measure of the internal motivation of individuals 

to perform certain actions or movements. Pelechano 

et al. [21, 22] mention that usually social  forces 

models tend to create simulations that look more 

like particle animation than human movement, and 

propose to add psychological, physiological and 

geometrical rules. Other approaches address some 

kinds of social links in a different way. Reynolds 

[25] proposes a set of behavioral rules to manage 

emergent motion phenomena between flocks of 

simple agents.  

More recently, Lamarche et al. [16] have enhanced 

this principle to control crowds of people in 

constrained environments, with more complex 

behaviors. These authors also propose an open 

architecture for realistic navigation, where each 

pedestrian can perform high-level decision 

behaviors such as path planning [17]. However, 

these systems fail to explain why patterns of group 

movements occur because they lack references to 

psychological and sociological high-level behaviors 

of crowd members.  

Other authors proposed models for individual agents 

that incorporate psychological factors.  For example, 

Kenny et al. [15] propose to use five psychological 

factors (motivation, stress, confidence, focus and 

emotions) to understand and assess individual 

behaviors in a crowd. Silverman et al. [13, 26] 

developed the PMFserv framework to model human 

decision-making based on emotional subjective 

utility constrained by stress and physiology. Other 

authors attempt to include cognitive appraisal 

models to create computational models of emotions 

that can be embedded in agent systems [7] and to 

use them to explain and simulate the reactions of 

people in a crowd. Most of these approaches 

provide models to specify the individual’s 

characteristics (physiological, psychological and 

emotional) in order to model emotion appraisal and 

the individual’s behaviors.  

However, they do not provide sufficient constructs 

and mechanisms, whenever they provide any, to 

specify and simulate the interactions of individuals 

and groups. Hybrid systems combine particle, 

flocking, and reactive behaviors [29], where the 

intelligence level of the agents can vary from none 

to high. Musse and Thalmann [19] developed Vi-

Crowd, a system that is composed of a hierarchy of 

a virtual crowd, groups and individuals. The authors 

developed a model that distributes the "crowd 

behaviors" to the groups and then to the individuals. 

This kind of approach allows them to simulate some 

aspects of the dynamics of groups in a crowd, but 

essentially in a kinematic way, by taking advantage 

of the geometric properties of agents moving in 

groups, such as inter-distances, orientations, or 
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personal space. However, there is a need for more 

elaborated models integrating both the individual’s 

characteristics (psychological, emotional) and social 

behaviors in order to explain why agents may join 

or dissociate from a group.  

It is worth investigating the large body of literature 

on the sociology of crowds and on collective actions 

and group dynamics. Several theories have been 

proposed over the past fifty years such as the social 

contagion, the social comparison theory [10], and 

the social identity theory [23, 24]. Social contagion 

is the spread of a behavior between individuals in a 

population, such as the spread of rumors and 

aggressive actions in riots. Computational 

approaches to simulate social contagion are based 

on threshold models [11], where each agent has a 

threshold which leads him to adopt an activity when 

exceeded. Newell [20] also introduced social 

contagion in his behavioral decision model, using a 

set of axioms. The phenomenon of contagion 

reminds us of the early writings on crowd done by 

Le Bon [18] which presented the idea that crowd 

participants are given to spontaneity, irrationality, 

loss of self-control, and a sense of anonymity. While 

social contagion may occur in specific extreme 

circumstances, in most cases individuals do not lose 

their individualities in order to adopt the uniform 

behavior of the crowd entity.  

In an attempt to explain this phenomenon, the Social 

Comparison Theory (SCT) [27] claims that 

individuals evaluate their own opinions and desires 

by comparing to others. In a recent work, Kaminska 

and Fridman [14] claim that SCT may account for 

some characteristics of crowd behavior, in particular 

with respect to imitational behavior and group 

formation. They propose algorithms that allow 

agents to carry out some behaviors based on social 

comparison. However, they only tackle what we call 

the kinematics of groups, in a similar way to the 

Social Forces Model [22]. It is too simplistic and 

must be completed with other theories.  

The Social Identity Theory refers to an individual’s 

self-understanding as a member of a social category 

[28], and assumes that identity is multiple and 

constitutes a complex system rather than being 

unitary. Evidences to support the social identity 

model come from both experimental and field 

studies [8]. The Elaborated Social Identity Model of 

crowds (ESIM) [9] enhances the initial social 

identity model with a notion of self in social 

relations, along with the actions that are 

characteristic of a social position. A typical pattern 

of identity change has been observed in several 

crowd events: moderate participants of a crowd 

change identity and become activists as a result of 

police actions perceived as being illegitimate [24].  

 
Fig 2: The four stages to generate an IVGE from GIS 

data.  

In order to simulate and explain collective behaviors 

and attitude changes in crowd phenomena, we 

propose to extend current approaches by explicitly 

introducing:  

 Social notions in the agent models, such 
as the social identity and the 
mechanisms that allow an agent to adopt 
a new identity under some conditions;  

 The notion of social group to which an 
agent may belong, and identify to (as for 
example a group of agitators, a family, 
etc.);  

 The notion of what we call a Spatio-
Temporal Group (STG), which is easily 
recognizable in space and time such as a 
line of policemen or a group of friends 
walking side by side; 

 Mechanisms that allow an agent to join a 
group or to leave a group. 

 

3 Generation of IVGE from GIS Data 

We propose an automated approach to compute the 

IVGE data directly from vector GIS data [5]. This 

approach is based on four stages which are detailed 

in this section (Figure 2): input data selection, 

spatial decomposition, maps unification, and finally 

the generation of the informed topologic graph. 

3.1 GIS Input Data Selection 

The first step of our approach consists of selecting 

the different vector data sets which are used to build 
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the IVGE. The input data can be organized into two 

categories. First, elevation layers contain 

geographical marks indicating absolute terrain 

elevations. As we consider 2.5D IVGE, a given 

coordinate cannot have two different elevations, 

making it impossible to represent tunnels for 

example. Second, semantic layers are used to 

qualify various types of data in space.  

3.2 Spatial Decomposition 

The second step consists of obtaining an exact 

spatial decomposition using Delaunay triangulation, 

and can be divided into two parts in relation to the 

previous phase. First, an elevation map is computed, 

corresponding to the triangulation of the elevation 

layers. All the elevation points of the layers are 

injected into a 2D triangulation, the elevation being 

considered as an attribute of each node. This process 

produces an environment subdivision composed of 

connected triangles. Second, a merged semantics 

map is computed, corresponding to a constrained 

triangulation of the semantic layers. Indeed, each 

segment of a semantic layer is injected as a 

constraint which keeps track of the original 

semantic data by using an additional attribute for 

each semantic layer [6].  

3.3 Merging Elevation and Semantics Layers 

The third step to obtain our IVGE consists of 

unifying the two maps previously obtained. First, 

preprocessing is carried out on the merged 

semantics map in order to preserve the elevation 

precision inside the unified map. Then, a second 

process elevates the merged semantics map. The 

elevation of each merged semantics point P is 

computed by retrieving the corresponding triangle T 

inside the elevation map, i.e. the triangle whose 2D 

projection contains the coordinates of P. Once T is 

obtained, the elevation is computed by projecting P 

on the plane defined by T using the Z axis.  

3.4 Informed Topologic Graph 

The resulting unified map now contains all the 

semantic information of the input layers, along with 

the elevation information. This map can be used as 

an Informed Topologic Graph (ITG), where each 

node corresponds to the map’s triangles, and each 

arc corresponds to the adjacency relations between 

these triangles. Then, common graph algorithms can 

be applied to this topological graph, and graph 

traversal algorithms in particular.  

 

4 Social agent behavioral models 

4.1 Behaviors Description 

We propose two ways to specify the behaviors of 

our autonomous agents [1]. These agent’s behaviors 

are automatically triggered during the simulation at 

a chosen frequency. We can first describe behaviors 

by using rules. This easy description can only be 

used for relatively simple and independent 

behaviors, because of the lack of interdependency 

management of this kind of formalism. Each rule is 

composed of a Boolean expression which must be 

validated in order to evaluate the body of the rule, 

composed of agent’s elementary actions. We use 

rules for most of the agent’s reactive behaviors, 

such as the management of navigation or perception.  

The second way to describe behaviors is based on 

hierarchical concurrent state machines. This 

formalism is more suited to specify cognitive 

behaviors because it allows to simply describing 

potentially complex behavioral plans, with the 

introduction of contextual evaluation. Moreover, the 

competition between behaviors is managed thanks 

to resources. A resource symbolises a behavioral 

requirement for the agent, with a limitation notion. 

For example, the agent’s ability to move is 

represented by a resource, allowing a single 

behavior to control the agent’s displacement at a 

given time. In order to separate the competitive 

behaviors for a resource, each state of the automaton 

which declares the need for at least one resource 

must specify a priority. This priority symbolises the 

relative importance of the state with respect to the 

others which need the same resource. Then, the state 

with the highest priority gets the resource and hence 

the ability to execute, whereas other states are 

paused until their priority becomes high enough. 

One can notice that the priority is dynamically 

evaluated at each simulation step, and so that an 

active state can temporarily loose a resource at the 

benefit of another state. 

4.2 Behavioral Model Overview  

We propose to structure the agent’s behaviors with a 

cognitive approach similar to A. Newell’s 

behavioral pyramid [15] (Figure 3(b)). Our model is 

organised in three successive behavioral categories 

(Figure 3(a)).  

Individual behaviors are common to all simulated 

agents. They represent the standard behaviors of a 
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human being such as moving and perceiving. 

Because of their generic aspect, these behaviors 

only address short term decision making. Thus, this 

category only represents the lowest layers of the 

pyramid, with physiological, reactive, and some 

cognitive behaviors. We will not detail the 

behaviors of these layers because they are out of the 

scope of this paper, and we will consider that the 

common abilities of a human being are fulfilled. 

Moreover, one can notice that this behavioral 

category is predefined for all agents, and will not 

change during the simulation.  

 
Fig 3: Comparison between our approach (a) and A. 

Newell’s behavioral  pyramid (b). The arrow on the left 

illustrates the variation potential of the agent’s behavioral 

layers, while the dashed lines indicate their repartition 

inside the pyramid.  

Long term decision behaviors are specific to 

different kinds of people. We will detail these 

behaviors in the next section, but for now we can 

consider that this category is in charge of the long 

term behavioral planning of the social agent. Indeed, 

the behaviors associated with this category represent 

the role of a human being in the society, either on 

his own like a working man or a teenager, or in 

relation to a social group like a father in a family. 

Moreover, this behavioral category manages the 

target goals of the social agent, and selects the 

appropriate sub-goals and actions needed to reach 

these goals.  

In contrast to the individual behaviors, this category 

can be modified during the simulation under certain 

conditions, but with a low variation potential. Social 

influence does not directly control the lower 

behavioral layers. Instead, these behaviors may only 

alter the agent’s characteristics. We will also detail 

this category in the next section, but for now we can 

consider that it represents the influence of the 

agent’s surrounding social environment on its state, 

and thus on its way to behave. Moreover, this 

category is optional, i.e. it is only raised in some 

circumstances depending on the agent’s social 

identity and environment. Additionally, the 

behaviors of this category are the agent’s most 

volatile ones, and can change with a relatively high 

frequency, up to one time per minute.  

5 High Level Decision and Social 

Behaviors 

In our approach, we propose to strongly link the 

high-level decision processes of the agent, 

corresponding to goal-oriented behaviors, with the 

social behaviors. In this way, we are able to 

implicitly manage the social influence on the 

ongoing behaviors, as we will see with the social 

identity and role. Moreover, we also explicitly 

manage short term social influences on the agent 

states, and so on its behaviors, which will be 

illustrated with the spatio-temporal groups and their 

influence. 

5.1 Social Identity 

The social identity represents an individual’s self-

understanding as a member of a social category. 

Examples of social identities can either be general 

like a worker or an unemployed person, or more 

specific like a demonstrator or a journalist. This 

behavioral component defines the long term goals of 

the individual with respect to his social position. 

Moreover, the associated behavioral graph indicates 

the individual’s know how specific of his social 

identity. We propose to manage the social identity 

as a composed behavioral component, divided into 

two parts (Figure 4). An agent has one fundamental 

social identity and may choose one adopted social 

identity among a set of available ones. The 

fundamental social identity is an unchanging 

behavioral graph of the agent. This state machine is 

a controller which defines the dynamics of social 

identity changes, while keeping a link to the original 

behaviors that socially characterise the agent. 

Indeed, this graph can be compared to a controller 

because it does not directly produce any perceptible 

action of the agent, but only selects the currently 

adopted social identity.  

 

Fig 4: The social identity (SI) behavioral management. 

The fundamental SI can change the adopted SI at any 

time, while this one controls the individual behaviors 

resulting in successive elementary actions. 
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This second behavioral graph is independent from 

the first one, and defines the actions path to reach 

the goals of the social identity. Indeed, this is the 

adopted social identity which controls the individual 

behaviors of the agent in order to produce the 

perceptible interactions with the environment. For 

example, this behavior can select the destination and 

speed of the agent, or make it interact with some 

equipment, or even manage its communication with 

other agents. Moreover, this behavior can be 

composed of several concurrent goals and sub-

goals, which are managed locally thanks to 

resources needs inside the hierarchical parallel state 

machines. 

5.2 Social Group 

A social group defines the social interrelationships 

between a group of people who know each other. 

This kind of group does not define geometric links 

between the members, but just reflects their social 

relations. Hence, a social group cannot be directly 

perceived by someone who does not belong to the 

group. However, all the members of a social group 

know each other, i.e. know who they are and what 

their role within the group is. We propose to manage 

a social group thanks to data structures in our 

architecture (Figure 3).  

A social group is an abstract notion (i.e. it is not a 

situated component) composed of a list of social 

roles. Each social role is also an abstract notion, 

which is related to an identified social group. A 

social role is defined by a social identity, 

corresponding to the behaviors associated with all 

the agents playing this role inside the group. These 

agents are referenced by the role allowing them to 

freely access the group structure, including the 

different roles and agents inside the group, and 

eventually to take the group into account in their 

behaviors.  

The social identity associated with a role is defined 

exactly in the same way as previously, with a 

fundamental and an adopted part. However, the 

fundamental social identity can only choose an 

adopted social identity among the potential roles in 

the group. Indeed, it is not possible for someone to 

play a role that is not explicitly linked to his original 

social group. Additionally, agents have the ability to 

leave a social group, and so to abandon their role, 

even if it is a really rare case.  

Let us notice that an agent can belong to any 

number of social groups, from none to many. For 

example, someone can play the role of the father in 

a family social group, as well as being the boss in a 

company social group. Additionally, as it was said 

in the previous section, each agent has an 

elementary social identity defining its general role 

in the society. So, finally an agent may have many 

concurrent social identities in competition to decide 

about its short to long term goals and actions. In the 

same way as previously, this competition is directly 

managed by the resources needs declared by the 

concurrent behaviors. 

 
Fig 3: The social group architecture. A social group 

contains a list of applicable social roles, which each 

contains a list of the agents playing that role by adopting 

an associated social identity.  

5.3 Spatio-Temporal Group  

A spatio-temporal group (STG) manages spatial 

relationships between close people. On the contrary 

to a social group, the members of a STG do not 

necessarily know each other. However, the group 

structure is perceivable from outside, making its 

members identifiable in terms of location, and 

potentially attitudes. In a similar way as for the 

social group, we propose a data structure to handle a 

STG (Figure 4).  

 
Fig 4: The spatio-temporal group (STG) architecture. A 

STG contains a list of the participating agents, as well as 

the geometrical formation they have to maintain and the 

social influence behavior they adopt.  

An STG is a situated notion containing the list of 

member agents. All of these members adopt an 

optional social influence behavior, which cannot 

directly produce actions but can influence the other 

agent’s behaviors. Additionally, the members must 

maintain a given formation in order to belong to a 

STG. This formation defines the spatial organisation 
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that the agents must comply with in order to be part 

of the STG. A formation can be very strict, like a 

line formation for military forces, or quite 

unconstrained, like a loose formation for 

demonstrators which is only defined by a bounding 

circle. A formation is defined relatively to the STG 

hot spot, which defines the position of the entire 

group in the environment. This hot spot can be 

static, like for a waiting queue formation, or 

dynamic, like for a group of friends walking 

together. In this last case, the dynamic hot spot can 

be hold by an agent, moving along with him, or can 

be computed by a third party mechanism. The 

behavior in charge of maintaining the formation is 

defined in the individual behaviors, and thus is 

provided for any agent. This behavior controls the 

agent’s navigation ability, represented by a resource, 

and so is in competition with any other behavior that 

would select a destination.  

One can notice that an agent can only belong to one 

STG at a given time. This limitation is due to the 

strong impact of the STG on the agent’s location, 

because of the formation constraint, making it 

impossible for the agent to maintain two formations 

at the same time. However, an agent can belong to 

an STG as well as to one or several social groups. 

This possibility is very useful to represent spatially 

organised social groups, by combining both notions. 

For example, to represent family members walking 

together, we can use: first, a social group defining 

all the roles of a family (father, mother, and 

children); second, a STG containing all the family 

members, configured with a loose formation and a 

hot spot linked to the agent playing the father social 

role. 

5.4 Synthesis  

To conclude with the social agent’s behavioral 

models, let us look at the overall mechanism. As 

shown in Figure 5, all the three behavioral 

categories of the agent are linked. An optional social 

behavior can be adopted if the agent belongs to an 

STG. This behavior only influences the individual 

behaviors and the long term decision. This long 

term decision is in charge of selecting the immediate 

actions by controlling the individual behaviors.  

While being the rational centre of the agent, the long 

term decision is heavily linked to social 

considerations. Indeed, this category is composed of 

the agent’s social identity, and of all of its optional 

social roles. All these behavioral graphs are 

independently described, but are re solved 

competitively by the agent. Then, the competition 

for the control of the low-level actions of the agent 

is simply managed thanks to the resource needs of 

the behaviors.   

 
Fig 5: Social agent behavioral model synthesis. The 

individual low level behaviors are controlled by the high 

level decision mechanisms, which are composed of a 

social identity and optional social roles. Both of these 

categories can be influenced by a social behavior given 

by an STG. 

6 Results  

The application of our social behavior models in the 

simulation of crowds provides useful tools to a 

variety of application domains. Examples of such 

domains include the entertainment industry (games 

and movies), security planning and crowd 

management (planning events involving large 

crowds such as demonstrations at World Summits, 

popular celebrations such as soccer games and 

religious celebrations), and military operations in 

urban settings involving civilian crowds. In the 

context of a crowd control research project 

conducted in collaboration with Defence Research 

and Development {blind}, we propose to simulate 

crowd control in conflict situations involving 

control forces and the use of non-lethal weapons. 

This research project aims to provide decision 

makers with new ways to analyse such situations 

and to assess the efficiency of different intervention 

strategies.  

In order to validate the novel approach that we 

propose, we simulate a demonstration event which 

reproduces The Summit of the Americas held in 

{blind}. The simulation involves a large number of 

geo-referenced individual social agents immersed in 

an informed virtual environment representing 

{blind} city. Both the crowd and the control forces 

are represented by social agents who are endowed 

with individual capabilities such as perception, 

navigation, and memory. Thus, the agents can 

perceive and react to their evolving virtual 

environment with a plausible level of behavioral 

realism. The scenario that we propose aims to put 

forward the ability of our social agents to 
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autonomously switch roles inside their social 

groups. Such social role dynamics are based on the 

agents’ situation assessment and directed by the 

presented behavior models. For simplification 

purposes, this scenario will focus on the control 

forces. It involves a small squad of control forces 

which is deployed to protect a governmental 

building (A governmental building is presented in 

Figure 6).  

 
Figure 6: A 3D visualization of the simulation 

environment showing the parliament of {blind} protected 

by fences and several police trucks for control forces 

deployment. 

A squad of control forces is basically a social group 

composed of the following social roles: Squad 

Leader, Deputy-leader, and Squad Member. These 

three roles are managed thanks to three fundamental 

social identities (Figure 7): both leader and member 

social identities are very simple, only selecting the 

associated adopted social identity; the deputy-leader 

fundamental social identity manages dynamic  

changes between the leader and member adopted 

social identities (in this case there is no specific 

deputy-leader adopted social identity). The 

following graphical conventions will be used in the 

demonstration screen shots (Figure 8): the 

characters’ main color identifies their fundamental 

social identity (leader in red, deputy-leader in 

yellow, and member in blue); the icons on top of the 

characters identifies their currently adopted social 

identity (star for leader, echelon for member, and no 

icon if the agent has left the group).  

The storyboard of the demonstration scenario 

illustrates a basic manoeuvre of a squad of control 

forces. A squad is initially composed of a leader, a 

deputy-leader, and five members. At first, the squad 

gets out of a police truck (Figure 9(a)). The leader 

creates a STG and binds its hotspot to his position. 

The deputy-leader (who initially has the adopted 

social identity of a member) as well as the squad 

members join the STG, and automatically maintain 

its formation. Then, the leader moves towards the 

fences while carrying the STG hotspot with him. As 

a result, the other squad members follow the leader 

while maintaining the STG formation. As soon as 

the leader reaches the fences, the squad can be 

considered to be deployed (Figure 9(b)).  

 
Fig 7: The leader, member, and deputy-leader 

fundamental social identities.  

 
Fig 8: Graphical convention to identify the squad roles.  

In order to illustrate the social role dynamics, we 

arbitrarily make the leader leave the group (Figure 

9(c)). As a result, the deputy-leader’s fundamental 

social identity (Figure 7) switches from the member 

to the leader adopted social identity. Now that the 

deputy leader has become the new squad leader, the 

hotspot of the STG is linked to his position. This 

leads to an automatic reorganisation of the squad 

members in order to maintain the formation, and 

finally produces a new deployment of the squad 

(Figure 9(d)).  

Finally, the deputy-leader’s adopted social identity 

makes him leave the place by moving back to a 

police truck (Figure 9(e)). In the same way as 

before, the members follow the new leader while 

maintaining the formation.  
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Let us notice that this example is voluntarily 

simplified for demonstration purposes. Indeed, we 

are working on a much more complex scenario 

exhibiting more elaborated actions for the control 

forces, such as the use of non-lethal weapons or 

crowd monitoring. Moreover, we also provide more 

complicated social identities for crowd members 

who have greater social dynamics. 

7 Conclusion and future work 

In this paper, we discussed some shortcomings of 

current research works which deal with social 

behaviors and crowd simulation in virtual geospatial 

environments.  

First, we presented an original approach to extract 

an IVGE from GIS data. This approach goes beyond 

grid based visualization by combining the semantic 

information merging and the vector based 

representations accuracy. Indeed, as shown on 

figure 7, the proposed method combines all the 

advantages of grids and vector layers, cutting out 

their drawbacks. Moreover, this data extraction 

method is completely automated, being able to 

directly process GIS vector data. Finally, we have 

shown the suitability of this method for GIS 

visualization thanks to an application which allows 

two visualization modes: 3D for immersion purpose, 

and 2D to facilitate data analysis. All of these 

characteristics allow anticipating several 

applications of this work, mainly thanks to the 

topological graph exploitation of the representation.  

Second, we proposed a novel approach which aims 

at gaining better insight in crowds’ social behaviors 

by analysing the social interaction mechanisms 

between individuals. Besides, our approach is 

related to crowd microscopic simulation because it 

allows describing individual attitude changes which 

are typically observed in crowd phenomena. The 

proposed agent’s model combines individual and 

long term decision behaviors in a multi-layered 

architecture. Moreover, this model takes into 

account the social influence which represents the 

impact of the agent’s surrounding social 

environment on its characteristics. Finally, emergent 

collective social behaviors are observed at a macro 

level (groups, crowd), resulting of individuals 

behaviors and interactions at a micro level.  

The proposed behavioral models have been 

implemented and validated in the scope of an on-

going crowd control research project.  

 

(a) The squad members get out of a truck. 

 

(b)  The squad is deployed and waits. 

 
(c) For an arbitrary reason, the leader leaves the 

social group. T deputy-leader becomes the new 

leader, and the group automatically reorganises.  

 
(d) The squad is now reorganised and waits. 

 
(e) Finally, the deputy-leader gets out, taking with 

him the other members because they continue to 

follow the STG’s formation. 

Fig 9 Illustration scenario of the proposed models: social 

group, roles dynamics, and spatio-temporal group 

management. 
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There are several ways in which we may improve 

and extend our work. First, we plan to create a data 

base of commonly used social identities and social 

groups, first for crowd control, and then for less 

specific situations. These behaviors will be specified 

thanks to the models presented in this work, and 

validated by experts of the related domains (police 

members, or sociologists). Then, thanks to the 

modularity of our solution, we will be able to 

directly use already existing social identities, or 

easily extend them. A second perspective of our 

work concerns animation. Indeed, thanks to the easy 

implementation of our model, we can quickly design 

simple social identities and spatio-temporal groups 

to fast populate a virtual world. Nevertheless, a 

deeper analysis of our model performances is 

required in order to check the acceptable degree of 

complexity of the behaviors that allows the 

animation of a reasonable number of agents in real 

time. 

8 Acknowledgement 

This research was supported in part by the Grant in 

Aid provided by the University of Minnesota. The 

author would like to thank the reviewers for their 

valuable comments. 

 

 

References: 

[1] Open  Source Geospatial Fundation 

(OSGEO). GDAL-OGR: Geospatial Data 

Abstraction Library / Simple Features Library 

Software, August 2008. http://www.gdal.org. 

[2] J. Gong and L. Hui. Virtual geographical 

environments: Concept, design, and 

applications. In International Symposium on 

Digital Earth (ISDE), pages 369– 375, Beijing, 

China, November 29 -December 2 1999.  

[3] N. Sahli, M. Mekni, and B. Moulin. A multi-

agent geo-simulation approach for the 

identi.cation of risky areas for trains. In 5th 

Workshop on Agents in Trafic and 

Transportation @ Autonomous Agents and 

Multiagent Systems (AAMAS 2008), 2008.  

[4] M. Kallmann, H. Bieri, and D. Thalmann. Fully 

dynamic constrained delaunay triangulations. 

Geometric Modelling for Scientific 

Visualization, 2003 

[5] M. Mekni and Bernard Moulin. Semantically-

Enhanced Virtual Geographic Environments 

for Multi-Agent Geo-Simulation. Advanced 

Geo-Simulation Models, Danielle Marceau, 

Itzhak Benenson, Bentham, pp.66-91 (26), 

2011.  

[6] M. Mekni. A Knowledge-Oriented Framework 

for Agent-Based Simulation of Sensor Web 

Deployment. Proceedings of the 2nd 

International conference on Applied 

Informatics and Computing Theory (AICT '11), 

Prague, Czech Republic September 26-28, 

2011. 

[7] D. D. Broekens J. Scalable and flexible 

appraisal models for virtual agents. In 5th 

Game-On International Conference: Computer 

Games: Artificial Intelligence, Design and 

Education, 2004.  

[8] J. Drury and S. Reicher. The Intergroup 

Dynamics of Collective Empowerment: 

Substantiating the Social Identity Model of 

Crowd Behavior. Group Processes Intergroup 

Relations, 2(4):381–402, 1999.  

[9] J. Drury and S. Reicher. Collective action and 

psychological change : The emergence of new 

social identities. British journal of social 

psychology, 39(4):579–604, 2000.  

[10] L. Festinger. A Theory of Social Comparison 

Processes. Human Relations, 7(2):117–140, 

1954.  

[11] M. Granovetter. Threshold models of collective 

behavior. The American Journal of Sociology, 

83(6):1420–1443, 1978.  

[12] D. Helbing, P. Molnár, I. Farkas, and K. Bolay. 

Self-organizing pedestrian movement. 

Environment and Planning B: Planning and 

Design, 28:361–383, 2001.  

[13] Human Systems Information Analysis Center, 

editor. Metrics and methods in human 

performance research toward individual and 

small unit simulation, chapter Human 

performance simulation. Ness, J.W. and Ritzer, 

D.R. and Tepe, V, 2003.  

[14] G. A. Kaminka and N. Fridman. A cognitive 

model of crowd behavior based on social 

comparison theory. In Proceedings of the 

AAAI2006 workshop on cognitive modeling, 

2006.  

[15] J. M. Kenny, C. McPhail, D. N. Farrer, D. 

Odenthal, S. Heal, J. Taylor, S. James, and P. 

Waddington. Crowd behavior, crowd control, 

and the use of non-lethal weapons. Technical 

report, Penn State Applied Research 

Laboratory, 2001.  

[16] F. Lamarche and S. Donikian. Automatic 

orchestration of behaviors through the 

management of resources and priority levels. In 

M. Gini, T. Ishida, C. Castelfranchi, and W. L. 

Johnson, editors, Proceedings of the First 

International Joint Conference on Autonomous 

Recent Advances in Computer Science and Networking

ISBN: 978-960-474-336-0 41



Agents and Multiagent Systems (AAMAS’02), 

pages 1309–1316. ACM Press, Juillet 2002.  

[17] F. Lamarche and S. Donikian. Crowds of 

virtual humans : a new approach for real time 

navigation in complex and structured 

environments. Computer Graphics Forum, 

Eurographics’04, 2004.  

[18] G. Le Bon. The Crowd: A Study of the Popular 

Mind. Classic Books Library, March 1896.  

[19] S. R. Musse and D. Thalmann. Hierarchical 

model for real time simulation of virtual human 

crowds. IEEE Transactions on Visualization 

and Computer Graphics, 7(2):152–164, 2001.  

[20] A. Newell. Unified theories of cognition. 

Harvard University Press, Cambridge, 

Massachusetts, 1990. [16] S. Paris, J. Pettré, 

and S. Donikian. Pedestrian reactive navigation 

for crowd simulation: a predictive approach. 

Computer Graphics Forum, Eurographics’07, 

2007.  

[21] N. Pelechano, J. M. Allbeck, and N. I. Badler. 

Controlling individual agents in high-density 

crowd simulation. In SCA ’07: Proceedings of 

the 2007 ACM SIGGRAPH/Eurographics 

symposium on Computer animation, pages 99–

108. Eurographics Association, 2007.  

[22] N. Pelechano and N. I. Badler. Modeling crowd 

and trained leader behavior during building 

evacuation. IEEE Comput. Graph. Appl., 

26(6):80–86, 2006. [19] S. Reicher. The 

determination of collective behavior. Social 

Identity and Intergroup Relations, 1982.  

[23] S. Reicher. Social influence in the crowd: 

Attitudinal and behavioral effects of de-

individuation in conditions of high and low 

group salience. British Journal of Social 

Psychology, 23:341–350, 1984.  

[24] S. Reicher. The psychology of crowd 

dynamics. In Blackwell Handbook of Social 

Psychology: Group Processes. Michael A. 

Hogg, R. Scott Tindale, 2008.  

[25] C. W. Reynolds. Flocks, herds, and schools: A 

distributed behavioral model. Computer 

Graphics, 21(4):25–34, 1987.  

[26] B. G. Silverman, M. Johns, K. O’Brien, R. 

Weaver, and J. B. Cornwell. Constructing 

virtual asymmetric opponents from data and 

models in the literature: Case of crowd rioting. 

In Eleventh Conference on Computer-

Generated Forces and Behavior Representation, 

2003.  

[27] J. Suls, R. Martin, and L. Wheeler. Social 

comparison: Why, with whom, and with what 

effect? Current Directions in Psychological 

Science, 11:159–163(5), October 2002. [ 

[28] H. Tajfel and J. C. Turner. The social 

psychology of inter-group relations, chapter 

The social identity theory of inter-group 

behavior, pages 7–24. Chigago: Nelson-Hall, 2 

edition, 1986.  

[29] D. Thalmann and H. Noser. Towards 

autonomous, perceptive, and intelligent virtual 

actors. Lecture Notes in Artificial Intelligence, 

(1600):457–472, 1999.  

Recent Advances in Computer Science and Networking

ISBN: 978-960-474-336-0 42




