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Abstract
The past decade has seen a rising interest in, and strong development of, simulation
applications of human behaviors, with special focus on pedestrian behavior in spatial
environments. The recent generation of models employs a multi-agent system (MAS)
based approach in order to represent the movements of humans in geographic
environments. Our literature review revealed the existence of several research works
which use MAS to simulate urban phenomena or pedestrian/crowd movements in largescale geographic environments. These research works succeed to measure and model
these phenomena and help to understand the way in which people move in geographic
environment or urban setting. But, there are few MAS-based research studies attempting
to simulate human ‘knowledge-based’ behaviors in micro-scale geographic environments
(e.g., malls, shops, hotels, airports, etc.). The main aim of our research is to fill this gap,
and to examine the applicability of MAS technique to simulate human ‘knowledge-based’
behaviors in micro-scale geographic environments. As a case study we developed a 2D3D simulation prototype of human shopping behavior in a mall. The results of our
research show that the multi-agent geo-simulation approach has a good potential to
simulate human behaviors in micro-scale geographic environments. Hence, this technique
can be used easily in order to simulate other kinds of behaviors in different micro-scale
geographic environments.
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1. Introduction
During the past decade there has been a rising interest in, and strong development of,
simulation applications of human behaviors, with special focus on pedestrian behavior in
spatial environments. Simulating urban phenomena or pedestrian/crowd movements has
attracted the attention of not only urban planners and government officials, but also of
retailers, advertising agents, and people involved in urban management. The recent
generation of models employs a multi-agent system (MAS) based approach in order to
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represent the movements of people in virtual geographic environments. In most cases,
these virtual geographic environments are obtained from a Geographic Information
Systems (GIS). Combining MAS and GIS for simulation purposes gives birth to a new
simulation approach called MultiAgent GeoSimulation (MAGS) (Moulin et al, 2003).
MAGS has a great potential when it comes to explaining the subtle interactions of
heterogeneous actors in complex social systems, taking into account the geographic
aspect of the simulation environment. The characteristics of the agents (autonomy, social
ability, pro-activeness, advanced spatial behaviors such as perception, navigation, and
memorization, etc.) and the spatial features of the simulation environment make MAGS
an attractive approach to develop simulations of complex systems involving agents
interacting with each other and with the geographic environment. In addition, the
complexity of the simulation models and their visualization capabilities (cartographical
visualization, 2D-3D displays) make them more realistic and, therefore, closer to users’
mental models (Ali and Moulin, 2005). Thus, MAGS approaches potentially open
numerous avenues for exploratory and applied simulation in different fields and
especially in urban geography (Benenson and Torrens, 2004). Our literature review
revealed the existence of several research works which applied the MAGS approach to
simulate urban phenomena or pedestrian/crowd movements in geographic environments.
These research works succeed to measure and model these phenomena and help to
understand how people move in a geographic environment or urban setting. However, we
found few MAGS-based research studies attempting to simulate what we call
‘knowledge-based behaviors’ (behaviors involving the apprehension of spatial features of
the environment) in micro-scale geographic environments such as malls, shops, hotels,
and airports. The nature of the geographic environment (micro-scale), the behaviors to be
simulated (knowledge-based), and the characteristics of the interactions between the
actors and the environment in the simulation (spatial interaction), make this kind of
simulation a challenge in itself.
One of the main goals of our research was to examine the applicability of a MAGS
approach to simulate human ‘knowledge-based’ behaviors in micro-scale geographic
environments. As a case study, we developed a 2D-3D simulation prototype which
simulates the shopping behavior of a real population of shoppers inside a shopping mall.
In this paper, we start off with a presentation of the basic concepts of geosimulation and
multiagent geosimulation techniques (Section 2). In Section 3, we present why
developing multi-agent geo-simulations of human behaviors in a micro-scale
environment is a challenge. Then, we present our MAGS simulation prototype of human
shopping behavior in a mall and its usability. In Section 4, we present some related works
and conclude the paper.

2. Geosimulation and multiagent geosimulation
Geosimulation is concerned with the design and the construction of high-resolution
spatial models, using these models to explore ideas and hypotheses about how spatial
systems operate, developing simulation software and tools to support object-based
simulation, and applying simulation to solve real problems in geographic contexts
(Benenson and Torrens 2004). Geosimulation differs from conventional urban simulation
in its constituent ‘elements’. Geosimulation models operate with human individuals and
infrastructure entities, represented at spatially non modifiable scales such as households,
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homes, or vehicles. Many of these entities are animated (visually and dynamically), and
such an animation drives the behaviors of inanimate objects in a simulation (Benenson
and Torrens 2004). Geosimulation is a useful tool to integrate the spatial dimension in
models of interactions of different types (economics, political, social, etc.).
(Mandl, 2000), (Koch 2001), and (Moulin et al. 2003) presented MultiAgent
GeoSimulation as a coupling of two technologies: the Multi-Agent Based Simulation
technology (MABS) and the Geographic Information systems (GIS).
Based on the MABS technology, the simulated entities are represented by software
agents with autonomous behaviors. They can interact with other agents and with the
spatial environment. They may be active, reactive, mobile, social or ‘cognitive’ (Koch
2001). Thanks to the agents’ capabilities, we can use them to model and simulate
complex entities or systems.
Using the GIS technology, the spatial features of geographic data can be introduced in
the simulation. The GIS plays an important role in the development of geosimulation
models. Multi-Agent Geo-Simulation (MAGS) is a powerful concept that can be used to
simulate complex systems in geo-referenced environments.
According to our literature review, there exist few applications which use the MAGS
technology in order to simulate human behaviors in geographic environments (Koch,
2001) (Dijkstra et al., 2001) (Moulin et al., 2003) (Torrens and Nara, 2007). These
applications, focused on the simulation of urban phenomena or crowd movements in
large-scale geographic environments. Until now, there were very few research works
using MAGS-technology in order to simulate ‘knowledge-based’ human behaviors in
micro-scale geographic environments. The only existing research works which simulate
human behaviors in micro-scale environments (Raubal, 2001) (Frank et al., 2001) use
only MAS, or GIS and do not benefit from the combination of these technologies.

3. Multiagent geosimulation of human behaviors in micro-scale
geographic environments:
3.1. Challenges of using a MAGS approach to simulate human behavior in
micro-scale geographic environments:
Simulating ‘knowledge-based’ human behaviors in micro-scale geographic environments
is a challenge in itself because, especially for this kind of simulation, we need:
- Detailed structures of the simulation agents which represent humans in the virtual
environment are required. When we deal with this kind of simulation, we focus
more on individual agents and their behaviors. Most simulation applications of
crowd behaviors or urban phenomena do not focus on individual features or
behaviors of the agents because they are more interested in global or emergent
behaviors.
- Agents with advanced knowledge-based and spatial capabilities such as
perception, memorization, navigation, communication, decision-making, etc.
- A detailed model of the geographic environment. At a micro-scale level, we can
not ignore the small entities which belong to the environment and thus, we should
model them.
- Meaningful and credible data which feed the models of the agents and those of the
geographic environment.
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-

Appropriate visualization for the virtual agents representing the humans as well as
the virtual geographic environment. For example, the 3D virtual human agents
should be represented by 3D human bodies moving like humans in reality.

As one can see, simulating ‘knowledge-based’ human behaviors in micro-scale
geographic environments is very challenging because we need to focus on many details
concerning: the simulation models, the behavior to be simulated (individuals), the data
which is used to feed the simulation, etc. In our research work, we tried to take up this
challenge and developed an application which uses the MAGS-technology in order to
simulate ‘knowledge-based’ shopping behavior of human beings in a micro-scale
geographic environment representing a shopping mall.
3.2. The application: The simulation of human shopping behavior in a mall
In order to show the applicability of a MAGS approach to simulate human ‘knowledgebased’ behaviors in a micro-scale geographic environment, we developed an application
simulating customers’ shopping behavior in a mall. To develop such application, we need
a geosimulation platform. According to our literature review, there exist a small number
of multiagent geosimulation platforms that can be used to simulate systems in geographic
environments using the agent paradigm. As an example, we can cite the platforms
CORMAS (Common-pool Ressources and Multi-Agent Systems) (Bousquet et al. 1998)
and MAGS (MultiAgent GeoSimulation) (Moulin et al. 2003). In our work we used the
MAGS platform to develop our simulation prototype.
In order to feed the actors’ models (shoppers) in the simulation, we carried out a
survey during October 2003 and collected 390 questionnaires filled by real shoppers in
the Square One shopping mall, near Toronto. To feed the model of the micro-scale
geographic environment (the mall), we used spatial data obtained from a GIS
representing the Square One mall.
The simulation models are executed in the MAGS platform using the real data. Fig. 1,
presents a 3D screenshot of a simulation that involved 390 Shopper software agents
navigating in the virtual shopping mall.

Figure 1. The 3D simulation in MAGS platform (Square One mall)
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In the simulation prototype, the Shopper agent comes to the mall to visit a list of specific
stores or kiosks that are chosen before the simulation on the basis of the agent’s
characteristics and according to the survey data (each shopper agent correspond to one of
the surveyed persons). It enters by a particular door and starts its shopping trip. Based on
its position in the mall, its knowledge of locations in the mall (memorization process),
what it perceivs in the mall (perception process), it chooses the next store or kiosk to visit
(decision making process). When a store or kiosk is chosen, the agent moves in its
direction (navigation process). Sometimes, while it is moving to the chosen store or
kiosk, the agent perceives another store or kiosk (perception process) that is in its
shopping list and whose location it did not know a priori. In this case, the Shopper agent
moves to this store or kiosk and memorizes it (memorization process) for its subsequent
shopping trips. The shopper agent pursues its shopping trip until it visits all the stores or
kiosks on its list or until it has no time left.
The Shopper agent can also come to the mall without any specific list of stores or
kiosks to visit, for exploration purposes. In the exploration mode, the Shopper agent takes
its preferred paths in the shopping mall.
During its shopping trip, the Shopper agent can feel the need to eat or to go to the
restroom (simulated by a dynamic variable reaching a given threshold). Since these needs
have a bigger priority than the need to shop, the agent temporarily suspends its shopping
trip and goes to the locations where it can eat something or to restrooms.

4. Related works and conclusion
(Koch, 2001), (Moulin et al., 2003), and (Torrens and Nara, 2007) developed some
applications that simulate pedestrian behavior in geographic environments using the
agent technology. These works simulate human behavior in large-scale geographic
environments. They do not focus on the individual features and behaviors of each agent
but aim to study the emergent behavior of crowds in the simulation. Other research
works like (Raubal, 2001), Frank et al., 2001), and (Dijkstra et al., 2001) simulated
pedestrian behaviors in micro-scale geographic environments, but they do not benefit
from the MAGS technology. In these applications, the environment is generally
represented by cellular automata. In our study we proposed an application of MAGS
technique to simulate ‘knowledge-based’ human behaviors in micro-scale geographic
environment. In this study, we focus more on the agents individual features and on their
behaviors related to the apprehension of space (perception and memorization). As a case
study, we implemented an application which simulates customers’ shopping behaviors in
a mall. The results of our research show that the MAGS technique has a good potential to
simulate ‘knowledge-based’ human behaviors in micro-scale geographic
environments.Indeed, this technique can be easily adapted to simulate other kinds of
behaviors in different micro-scale geographic environments.
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