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Constructing and executing an agent-based model provides many advantages in comparison to 
traditional simulation approaches. Increased degrees of freedom in model design, possibilities of 
modelling behaviour in restricted, heterogeneous geographical and temporal context, etc. are only 
partial aspects of its great potential. Thus with agent-based simulation, means are available to actually 
test cognitive models of human decision making in an adequately rich, simulated environment. These 
efforts may finally result in detailed cognitive models that are grounded in reproducible, practical 
experience, in addition to abstract hypotheses and theories of cognition.  

On the other side, in the agent-based simulation community the need for well-defined and reliable 
cognitive models is growing as complex human behaviour has to be reproduced in real-world 
applications. Abstract models based on rational optimization, and/or game-theoretic models are not 
sufficient any more, if complex decision making in urban space has to be modelled for enhanced 
pedestrian simulations, or if complex dynamics of team work are to be reproduced.  

The workshop aims at bringing these two communities together, demonstrating the current state of art 
in both research directions and distilling from the discussions and working group results a common 
research agenda. 

 

Workshop organization 

The workshop will be organized as follows: the morning will be dedicated to paper presentations and 
discussions of these. After lunch we will reconvene to discuss questions in smaller groups and come 
up with researchable and fundable topics. These will be presented to the plenum as the highlight of the 
day. We intend to discuss questions such as  

• Why does cognitive science need good engineering practice in agent-based simulation?  
• Why do real-world applications of agent-based models really need complex agent models? 
• How to solve the problem of missing adequate data for empirical validation of such complex 

agent models?  
• How to determine whether a model is cognitively adequate or even "valid"?  
• Can agent-based simulations offer a viable path from single-agent cognitive models to multi-

agent cognitive models? 
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More than Cognitions: Practical Applications

need Psychological Modeling

Harald Schaub

IABG mbH, Human Factors, Ottobrunn, Germany

The analysis of teams and individuals in the role of current personnel, leaders,
as a problem, as a threat, as an executive, a risk factor or as a problem solver
has taken on increasing importance in a world of global networked threats and
challenges. The complex world confronts people with unusual and, until recently,
unthinkable and unexpectedly stressful and critical situations for which there
are no routine solutions. As a result, the demands on reasoning, planning and
decision-making capabilities are increasing rapidly.

The solution to this problem is to represent, in an understandable and us-
able way, the complexity, indeterminacy and connectivity of psycho-socio tech-
nical systems through modelling and simulation in such a way that the hu-
man response can be concretely simulated, but also so that people can inter-
act with these complex psycho-socio technical systems. In order to reach this
goal, methods, theories and results from many different branches of science have
to be used. The field of cognitive science represents the internal psychologi-
cal processes of human information processing (perception, reasoning, planning,
decision-making). Psychology, in addition to cognitive aspects, represents the
human processes of motivation, emotion as well as social interaction and com-
munication for information processing. Serious Gaming methods are being used
to efficiently implement a realistic, interactive 3D environment. This results in
simulations that contain scientifically reliable computer-controlled psychological
”agents” as interactive partners whose behaviour is configured to respond to the
potential and limits of the respective human user. The recorded personality char-
acteristics of a CEOs, political or military leaders relevant to current missions
considerably exceed that which has traditionally been collected in the field of di-
agnostics. Simulation based human-factors assessment tools record and evaluate
capabilities such as the ability to deal with complexity and indeterminacy.



Qualitative Social Science Methods  

for Multi-Agent Models 

Tilman A. Schenk 

 

Institut für Geographie, Universität Leipzig, Johannisallee 19a, 04103 Leipzig, Germany 
tschenk@rz.uni-leipzig.de 

Abstract. Spatial planning processes have experienced fundamental changes in 

the last decades. While formerly a technocrat discipline, today planning is 

increasingly described as a collaborative, political, and participatory process, in 

which network connected actors “learn” to compile situation specific solutions. 

The desire to evaluate such procedures, e.g. to allocate state funding for future 

projects, causes specific methodological challenges. This paper aims at 

explaining why agent-based models may be a solution to such challenges and 

elaborates on social science methods suitable to gain insight into the mentioned 

processes and the potential integration of their results in agent-based models.  

Keywords: Spatial planning, evaluation, agent-based models, qualitative social 

science methods. 

1   Introduction 

In recent years, agent based models (ABM) have gained increasing attention in the 

fields of regional planning [1], [2], [3], land use changes [4], [5] and other fields 

related to social and spatial sciences [6], [7], [8]. One reason why ABM are so 

attractive to those researchers engaged in examining human activity and decision 

mechanisms is that agents combine many of the characteristics of their human 

counterparts: sociality, communication, determination (rationality), proactivity and 

reactivity, and the ability to pursue plans [9]. However, applications of agent 

simulation have so far relied either on quantitative information or on plausible 

assumptions about agent behaviour [5]. This fact can be explained by an institutional 

split in social sciences in one scientific community interested in quantative methods, 

statistics and modelling, while those who oppose breaking down human behaviour in 

numbers have criticised this approach and have developed an own set of qualitative 

and interpretative methods. Only recently, a number of researchers have called for a 

combination or even integration of methods of both convictions [10], [11]. Clearly, 

with the above mentioned characteristics of ABM in mind, it can be regarded as the 

first modelling technique to be able to integrate qualitative information about 

cognitive processes and decision dynamics in social groups. This field of application 

for ABM is just beginning to be explored [12], also partly because psychological 

research explicitly about cognition processes in groups is also in an early stage of 

development [13], [14]. 
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The author is convinced that ABM therefore need to integrate knowledge obtained 

from qualitatively oriented social science research, because its methodological variety 

bears a great potential to feed agents’ qualitative characteristics (plans, 

communication abilities, proactivity) with information produced in exactly that 

context. This paper will outline how such a connection may be realised in an example 

of spatial collaborative planning, and is organised as follows: The next section will 

provide a brief insight into the fundamental changes that regional planning and 

development have gone through in recent decades, and will give reasons for the 

application of ABM in that field. Some theoretical considerations on cognitive 

systems and networks will set the stage for the demonstration of qualitative research 

methods ABM can make use of. The paper will close with ahead looking remarks 

about the integration of qualitative research methods in multi agent models. 

2   Regional Planning Processes under Change 

Since the mid-20th century, regional planning has undergone significant changes in 

terms of its self-understanding. While planning was earlier perceived as a technocratic 

science that by enhancement of its methods and techniques will find objectively 

optimal and comprehensive solutions to any given spatial problem [15], this attitude 

has experienced fundamental critique and failed to succeed in the planning practice. 

Even the most ambitious computer aided tools have so far not been able to integrate 

the verbal deliberation of arguments and thus their changes during the planning 

process. Empirical pitfalls such the impracticality of “objectiveness” and the 

omnipresent lack of data have contributed to the view that comprehensive planning 

understood as the top-down implementation of suitable measures to enhance the well-

being of the ignorant mass is obsolete. 

Consequently, planning has turned to discursive and communicative approaches 

[16], [17]. Regional actors, those directly affected, would take matters in their own 

hands. Since their preferences for action alternatives are not fixed in the beginning of 

the planning process, they can be negotiated, communicated and “learned” among 

those involved. The role of the planner thus turns from an omniscient expert to a 

moderator of discourses between cities, regions, communities, authorities, 

entrepreneurs, grassroots organisations, private households and individuals. Although 

these integrative approaches have been criticised for being too consensus oriented, 

they are today the predominant way planning is thought about in the academia [16]. 

Analysis and evaluation of such sophisticated processes by means of quantifying 

research and standardised methods seem inappropriate. Qualitative research methods 

have the ability to grasp such processes, but face limitations in turning their results in 

recommendations for future agendas. Agent simulations however seem to match 

exactly the attributes of current planning practices: Individual intentions can be 

represented in agents and can be parameterised by preferences subject to 

communication and negotiation among agents. Agents may be varyingly powerful in 

specific individual positions or social constellations, thus enabling them to pursue 

their goals in differing intensities. As Sun put it, agent simulation is distinct from 



conventional models by disentanglement from mathematical formalisations, but other 

than narrative models, they are precise [18]. 

What is missing is a link between the qualitative empirical methods of social 

sciences and the implementation of their results in agent architectures. This paper 

aims at encouraging to fill this gap by highlighting a limited number of such empirical 

methods and discussing ideas how their results may be suitable for application in 

agent simulations. 

3   Theoretical Perspectives 

Before turning to the elaboration of such methods, some theoretical perspectives on 

the issues of group decision making may be useful. These include considerations of 

cognitive systems and networks. 

3.1   Cognitive Systems Research 

Research on cognitive systems has just recently gained momentum with the first 

specialised journal publishing in its 9th volume in 2008. A central concern is on how 

groups come to agree on decisions and joint plans, based on the notion that cognition 

is socially distributed across individuals in the outside world and oneself. In turn, it is 

found that individuals “embody” group behaviour, thus internally representing actions 

or thoughts of individuals in their surrounding; goals the group has agreed upon have 

to be consistent with individual goals, otherwise they are not valid. That way, groups 

can virtually be assigned a mind of their own. This can be best illustrated by a few 

examples: Most simply, people can externalise information in other brains (“I don’t 

know it, but I know who knows it”), which is referred to as “transactive memory”. On 

a level a bit more complex, collective search and problem-solving is examined. 

People trying to jointly solve a problem or create ideas therefor (“collective 

brainstorming”) need to communicate partial solutions, promising search spaces, and 

new issues. Such communication can both enhance and impair group performance, 

the first because people can be more effective on solving smaller sub-problems (much 

like a network of parallel computers), the latter because people tend to be drawn to a 

consensus, an average opinion, omitting unconventional ideas or relevant but 

inconsistent evidence [14]. 

Moreover, people represent other persons’ actions or possible actions in their own 

behaviour. One example for this is when reactions on stimuli that require joint action 

are slower than individual reactions. One reason for that is that participants may have 

to exchange information before deciding on a reaction. This communication does not 

need to be verbal, but may also come in gestures (scratching one’s head when 

experiencing difficulties with a task, bodily reactions such as leaning forward or 

backwards when agreeing or disagreeing with a situation) and so forth. Many of these 

mechanisms can be analysed by video surveillance of group discussions, which will 

be discussed as a method in chapter 4 of this paper. 



3.2   Networks and their analysis 

Networks have become a widely accepted approach in multiple disciplines to come to 

grips with phenomena that can be traced to social relations between human beings. A 

comprehensive literature review would by far exceed the scope of this paper. Instead, 

this section will focus on how networks have so far been analyzed to set the stage for 

an outlook on more qualitative methods for ABM in chapter 4. 

Since the fundamental work of Freeman [19], [20], social networks have been 

analysed in a quantifying tradition and in close relation to concepts in graph theory. 

Actors in social networks are represented as nodes, their connections as edges. Those 

edges may be directed or weighted with intensities of the relationships. Also, different 

roles can be assigned to specific actors, depending on the situations in which they 

become important. 

The different possible positions of actors in the graph (e.g. in case a specific person 

is named multiple times in the questionnaire above) can be interpreted as positions of 

varying power over other actors or over decision processes in the network, and can be 

measured in anology to indicators from graph theory, such as density, closeness and 

betweenness. Additionally, the existence of relationships can be correlated with 

actors’ attributes, such as sex, age or type of relationship. These analyses typically 

result in statements such as: “While men often ask male friends for advice with 

important decisions, women prefer to ask female relatives.” However, these methods 

run short of capturing the qualities of the relationships between actors. Such 

qualitative areas of interest include how close the relationships in specific situations 

are, and how they could be described in dimensions such as harmonic or problematic. 

Methods therefor will be presented in the following section of this paper. 

4   Qualitative Social Science Methods for Networks 

4.1   Observation of Group Discussions 

Following the logic of chapter 3, qualitative methods relating to group decisions are 

focused on first. A prominent example is the video surveillance of group discussions. 

Possible settings include meetings of regional planning panels, municipal councils 

and so forth. 

In most cases the discussions are recorded on video, so they can be analysed 

multiple times using the original material. In a first step, a transcript is prepared, 

which contains anything that has been said by the actors during the discussion, and, in 

an extended version, will describe, how things have been expressed (e.g. 

loudly/quietly, deliberately/spontaneously, confidently/with doubt, etc.) Gestures and 

facial expressions may be put down as well. In a second step, the transcript is coded. 

In a simple version, the number of times certain issues come up or certain words are 

mentioned in the discussion can be counted and evaluated e.g. if they are put in a 

negative or positive context or in terms of what kind of reaction they provoke from 

other discussants. Linguistic analysis helps to detect semantic areas, e.g. an 

accumulation of words like “competition”, “fight”, “first place”, “advantage” in a 

person’s statements indicate an active role or character. That way, the action patterns 



and agendas of the participants, and the roles they play in the decision process can be 

extracted: Some participants may sit at the table but hardly say anything, while others 

become “opinion leaders”, who always try to push the discussion forward and lead it 

to a decision. With the power of agent simulations at hand, we should be able to 

implement such sophisticated processes in a model. More elaborations on that issue 

will follow in chapter 5. 

Video surveying certainly obligates researches to ethical considerations, 

concerning whether the observation is conducted in an open or hidden manner. Once 

people know they are observed, they might act differently as otherwise, however if 

people are not told that they are the object of a research process, they may still not 

wish that their statements are communicated in the public. Researches will have to 

balance reasons for the two alternatives in every single case. 

4.2   Qualitative Network Analysis 

The qualitative type of network analysis allows getting a closer look at the qualities of 

relationships between different actors and contains three parts: the compilation of 

network maps, network tables and narrative interviews. All three will be described in 

this section. 

Network maps supported by interviews are a promising tool to examine the 

qualities and especially the dynamics of network ties. That way, the “situational 

variable” and “trans-situational constant” [21] dimensions of networks may be 

dissolved. In a first step, probands are given a sheet of paper showing concentric rings 

with the centre labelled as “Myself” (in the following referred to as “ego”). They are 

then asked to place labelled dots representing persons they know (“alteri”) on the 

rings, with the distance from the centre corresponding to decreasing importance of the 

respective person. This can be done in a general view, or for specific situations given 

by the researcher. To avoid the drawing of redundant maps, the alteri can also be 

placed using removable stickers, so they can be relocated depending on the situation 

given. Probands can also divide the rings into sectors for different networks, such as 

“family”, “friends”, “colleagues”, “gulf club”, etc. While this approach makes 

orientation easier for the proband, it causes the problem that some alteri may have to 

be placed multiple times (a colleague who is also a friend), which has to be labelled 

specifically. On the other hand, this can also be of advantage, because it reveals the 

different roles an alter might play in the proband’s network (e.g. “She is more 

important to me as a friend than as a colleague” or vice versa). Additionally, the map 

can also contain an external field for irrelevant persons. 

Network tables are a tool to examine the relations among the alteri in the map 

(without the ego), from the ego’s point of view. The proband is asked to fill in a 

matrix of her alteri with numbers indicating the intensity of the relationship of the 

alteri among one another in the respective column and row. The scales for these 

numbers can range from a simple binary version (“do/do not know one another”) to 

more detailed scales. 

While this procedure provides a deeper insight into personal relations than density 

measures and the like, it still gives little to no information about the qualities or the 

dynamics of the relations. An alter close in the personal network, and thus placed on 



an inner ring, may both maintain a harmonic or a problematic relation to the ego. 

Examples for the latter possibility include parent-child, boss-employee relations, or a 

relation to an ex-partner. The second issue is the one of dynamics in the network 

structure. Are certain alteri currently moving towards (becoming more important) or 

away from the ego (becoming less important)? Are certain alteri becoming irrelevant 

in specific situations? Some network structures are even only temporal by definition 

(a group of colleagues that are assigned to do a project together; they might work very 

closely for some period of time, but become irrelevant again once the project is 

finished). Finally, it may also be of importance how the network came into existence 

in the first place: Did the ego build it up by herself (“I was looking for other people 

interested in mountain biking, so I started to ask colleagues…”) or is the network of 

institutional character (“Since I like gulf, I joined the local club and found a lot of 

friends there”)? 

As one might have guessed from the above (ficticious) citations, these questions 

may be answered by interviewing the proband during or after the completion of the 

map. Her explanations are recorded on tape or audio file and the respective transcripts 

are analyzed in a similar way as the above mentioned group discussions. As an 

alternative, the interview can also be conducted before drawing the map to avoid an 

influence of the finished map on what the proband delineates about her network [22], 

[23]. 

5 Introducing Qualitative Methods to Agent-Based Models in 

Spatial Planning 

Conclusions from the above considerations may be drawn in two ways: First, it was 

shown that qualitative social science methods alone are suitable to effectively make 

use of the very characteristics of agents, which will be described in more detail in the 

following section. Furthermore, how agent models making use of results of qualitative 

research methods can help to improve spatial planning processes will be discussed in 

section 5.2. 

5.1   Qualitative Methods and Agent-Based Models 

With ABM being the first modelling approach to explicitly include qualitative 

information such as agents’ plans and communication procedures it is essential that 

the agent architectures are fed with information from qualitative social science 

methods to make advantage of exactly those characteristics of agents. Only qualitative 

methods are able to produce that specific set of information otherwise and particularly 

quantitatively not accessible. By interpreting observations of group discussions and 

interviews of network members the acting rules for the agents representing the 

examined persons can be extracted. In the following it will be shown, how qualitative 

social science methods can support the central characteristics of agents [9] as 

mentioned in section 1. 



! Sociality: With help of these methods we can understand the formation of 

groups and the strategies of persons towards that goal: Under what 

circumstances are groups willingly formed or existing groups joined? 

Cognitive systems research provides useful clues on how group “minds” and 

negotiation processes can be classified and thus distinctively represented in 

models. 

! Communication: Apart from the communication processes themselves we 

need to understand the strategies of the persons involved: Are they active or 

passive parts of the decision processes? Do certain persons take the lead, and 

why do others lean back? 

! Proactivity: What are the characteristics of persons acting on their own? How 

do these persons perceive their selves and their actions? Why do others 

refrain from that option? All of these issues can be illuminated by 

categorizing interviews with actors, which may translate to agent classes. 

! Ability to pursue plans: Interviews might also help to break down plans into 

sub-plans and single actions. That would facilitate formalizing the plans for 

agent activities in an ABM. 

 

Some goals of agents may certainly be quantitative in character, such as the 

maximization of a utility function. In that case, such a function would need to be 

specified, a maximization algorithm applied, and a vector of output values will be 

produced. However, only qualitative methods may be used to feed the qualitative 

components of action strategies and communication structures of an agent model with 

adequate data. That way, the roles the stakeholders play in the network will be 

identified and isolated and can thus be transferred to the agents in the model.  

5.2   Agent-Based Models in Spatial Planning 

This is the point where agent simulations should turn out to be useful assistants in 

spatial planning processes, as they can help to get to grips with exactly those settings 

that can only be described in a qualitative way, but need to be more precisely 

formalized for the purpose of their evaluation. Modern planning processes are a good 

example for such a situation. 

In an agent-based model of a spatial planning process, the involved stakeholders 

may be modeled as agents, internally representing the goals, strategies, action plans, 

and network partners as they are surveyed in the qualitative research. Fig. 1 illustrates 

a scheme for such a model. In the simulation the goals may be negotiated among the 

stakeholders by use of their empirically grounded communication structures, also 

qualitative in nature. The outcomes of the simulation may be compared with those of 

the respective real-world actions leading to both validation assessments for the model 

as well as evaluation opportunities for the communicative planning process. This 

should prove innovative in two ways: First, the input space for agent based models is 

extended to information from qualitative empirical methods, and second an evaluation 

tool for planning processes is created that grasps the otherwise as imprecise and 

interpretative perceived aspects of “group learning” and related procedures in spatial 

planning. 



 

 

Fig. 1. Research concept for an empirically and qualitatively grounded multi agent model of a 

spatial planning process. 

 

From this point, a number of issues for future research agendas can be isolated: 

First and foremost, some sort of methodological interface is needed that would assist 

model builders in integrating results from qualitative research; probably, a small 

number of successful examples would suffice in giving ideas for that important step. 

From the author’s point of view, the above elaboration should have shown that such 

integration is possible and does not pose insurmountable challenges. In fact, results of 

certain qualitative research methods in social sciences can provide exactly the input 

for ABM that is needed to exhaust the potentials of agent simulation, while on the 

other hand, researchers engaged in modeling may expand their activities on a more 

methodologically qualitative terrain. 
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Appropriating Places in Public Spaces - 
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Abstract. How do humans appropriate places in public parks? According to 

ecological psychology humans first survey the park for affordances of the park 

furniture and of social groupings. Then park visitors select a place that 

conforms to their requirements and walk towards this place. While walking (in 

the sense of locomotion) towards their goal (in the sense of navigating), park 

visitors continue this “survey and select”  behavior and might change their goal 

when new information  becomes available. Having reached their goal, the park 

visitors will start the intended activity and  then leave the park after a suitable 

period of time. In this paper we show that a multi-agent simulation of this 

seemingly simple spatio-temporal  behavior requires complex  cognitive and 

spatial processes to be modeled and carried out concurrently. We present a 

model of spatial behavior in public parks based on physical and social 

affordances. We discuss different approaches to modeling locomotion  and 

navigation. Our overall vision is to connect  models of spatial cognition for 

geosimulation.

Keywords. Human behavior, human-environment interaction, affordances, geo-

computational modeling, multi-agent simulation. 

1. Motivation

Park users appropriate places by marking them with their gaze, with their personal 
effects or by simply being present, carrying out their intended activity. This process of 
appropriation starts when walking into the park,  selecting (by vision) a place and 
moving towards this place. Although this process of walking into the park, selecting  
and moving towards a place, and carrying out an activity looks like a simple process, 
it requires a surprisingly high number of spatio-temporal reasoning processes and 
representations.  Our vision is to connect and integrate different models of human 
spatial and temporal cognition for simulating spatial behavior. This requires us to 
model representations and algorithms of space and spatial behavior within a single 
framework. We choose to use a multi-agent simulation tool as the integrating 
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framework. This allows us to take advantage of the temporal procedures already 
implemented in micro-simulations and combine them with the spatial knowledge 
being acquired within the spatial cognition community. Multi-agent simulation 
models can be seen as the established micro-simulation paradigm in the social 
sciences (Gilbert and Troitzsch, 2005). Using multi-agent simulation models for 
cognitive modeling allows us neatly to overcome the current separation of research on 
the single agent and its cognitive processes on the one hand and research on social 
behavior on the other hand. In addition, using multi-agent simulation allows for 
simulating the agent within a simulated environment,  thus providing a testbed for 
refuting or proving theories of spatial cognition and spatial behavior. 

In parallel to the raise of micro-simulation in the social sciences, in geographic 
information science there has been a marked shift from place-based towards people-
based modeling (Miller,  2007).  The simulation of human behavior is an extremely 
powerful and interesting research method to advance our understanding of the 
interaction between human beings and their environment (Frank et al.  2001).  This 
paradigm shift was made possible by automatic spatial data collection tools and the 
subsequent availability of data of individuals. As part of a research project on social 
sustainability of urban public spaces2 we collected data on the behavior of visitors in 
three different public parks in Zurich (Switzerland) over a period of two hours.  The 
goal of the Zurich park project (see Fig. 1) is to model the spatio-temporal behavior of 
park visitors for evaluating design and management options. 

Fig. 1.  Snapshot of the behavior of park visitors in Wahlenpark, Zurich, Switzerland 

We assume that the specific behavior settings of a park (in the sense of Schoggen 
1989 and Barker 1968) and management strategies (Kaplan et al. 1998) have a strong 
impact on visitors’  behavior by affording certain activities while discouraging others. 
Research in Space syntax has found that “movement patterns are strongly affected by 
spatial configuration“  (Penn and Turner, p.105, 2001). On the application side,  “until 
now, there has been no tool for recreation managers and researchers to systematically 
investigate different recreation management options. Much of the research is based on 
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interviews or surveys, but this information fails to inform the manager how different 
management options might affect the overall experience of the park user. More 
importantly when you have different, conflicting recreation uses, how do different 
management options increase or decrease the potential conflicts? None of these 
questions can be answered using conventional tools” (Gimblett 2007). We propose to 
use multi-agent simulation as a method to investigate park usage and as a basis for 
research on the influence of park management options. Simulation is used in many 
contexts, including the modeling of natural or human systems in order to gain insight 
into their functioning. Simulation can be used to show the eventual real effects of 
alternative conditions and courses of action. Visitors in a public park are a naturally 
occurring multi-agent system (Weiss 1999) that we endeavor to simulate using a 
multi-agent simulation tool. Multi-agent systems offer the possibility to simulate 
space appropriation with different samples of park users and to try out the effects of 
various elements of park design on visitor behavior and location choice.

The aim of our research is to model the human-environment interaction,  the social 
interaction and the resulting space usage in urban public parks at the micro level of 
individuals. How do people choose their goal location when entering an urban public 
park? Which places attract or repel the park visitor and which factors contribute to 
this judgment? The ecological theory (Gibson 1979, see also Neisser 1980) asserts 
that park users perceive affordances of the park furniture and choose a place 
according to their needs. Needs are largely influenced by the intended activities but 
also by expected social interactions. In our model, we use affordances of park 
furniture and activity types to model place selection. In order to facilitate the 
modeling process, the “environment”,  i.e. the simulation world, must be enriched with 
information lending itself for the information gathering and processing of the agents. 
This corresponds to the idea of contextual categorization (Waxmann 1968, Beltran et 
al. 2006) – i.e. the activity determines the context and thus the world is categorized 
according to the current activity. In a second step we add personal and social spaces to 
the agents’ sensory and cognitive abilities. We believe that a combination of 
affordances (of park furniture and of people), activities,  and personal/social space will 
yield results highly similar to the observed behavior.

The paper is structured as follows: the second section introduces the conceptual 
model in detail, the third section discusses the implementation and the required 
extensions to make SeSAm geospatial, finally the fourth section concludes and 
presents some future work.

2.  A Model of Human Behavior in Public Parks

When people walk into a park, they decide if and where they want to stay. How do 
people choose their goal location when walking into an urban public park? Our model 
posits that a visitor enters a park, surveys the (visible) park objects that suits her goal 
activity, chooses one goal object, walks towards the object and once there carries out 
her activity. This choice process can be enriched with many different criteria, e.g., 
current occupancy, the distance to the nearest neighbor, the activities of neighbors, 
current distance to the place, weather the place has special properties such as lighted, 
shaded, secluded, open etc. While walking towards the object, any of these properties 
might change. If this happens, the choice process starts again.
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As noted above, the selected location must satisfy certain needs of the park visitor. 
Needs are largely influenced by the intended activities but also by expected social 
interactions. In our model the driving need of the visitor is represented by his/her goal 
activity, the personal space requirements resulting from the activity, as well as the 
desired social contact due to the intended activity or to group membership. 

During our extended observations in public parks of Zurich (Schmit and Killer 
2005; see also Ostermann and Timpf 2007a, 2007b), the following groups of activities 
have been observed (see also Fig.2): 
• non-interactive activities (sleeping, reading, and working),
• interactive activities (chatting, observing, overseeing children),
• eating (picnicking and BBQ),
• formal ball games (soccer, badminton),
• activities relying on infrastructure (such as playgrounds, water basins),
• activities on the spot, and
• activities involving localized movement.

Some activities require a specific location or a specific infrastructure. If these 
requirements are not fulfilled, i.e., the park visitor cannot carry out the activity, then 
she usually leaves the park. As an alternative to leaving the park the park visitor walks 
around until either the allotted time for searching has elapsed or another location 
fulfills the criteria. We could also observe instances where the intended activity was 
changed.

  

 Fig. 2.  Activities in Wahlenpark, Zurich, Switzerland 
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2.1.  Perceived spatial affordances

Requirements for activities are modeled using the concept of perceived affordances. 
Affordances of objects tell us how those objects could be used (Gibson 1979).  E.g., a 
chair affords sitting, a flat surface affords walking or skidding, and a swing affords 
sitting and swinging. In our study human users of parks perceive objects or object 
groupings that allow them, i.e. afford, to carry out an activity. There has been some 
debate in the literature about how to determine affordances, since a chair also affords 
standing on it or even writing on it. We model “typical” affordances as attributes of 
objects in the park. The potential set of affordances is determined by the possible 
activities of the park visitor. This approach conforms to the concept of contextual 
categorization (Waxmann 1968). It lowers the potentially infinite number of 
affordances of an object by constraining them to those affordances usable for a certain 
activity the park visitor might wish to pursue.

Our model currently matches the affordances of an activity (see Table 1) and the 
affordances of visible park furniture. For example, a park visitor wishes to read, 
which requires the affordances for_sitting or for_laying. As a result, the visible park 
furniture that carries these affordances will be selected.

for_ 
sitting

for_ 
laying

for_ 
writing

for_ 
eating

for_ 
walking

for_ 
climbing

for_ 
groupPlay

for_
waterPlay

free_space

Reading X X X X

ComF2F X X X X X

ComNatel X X X X X

Eating X X X

Watching X X X

Strolling X X

Supervising X X X X

PlayGear X X

PlayWater X

PlayMoving X X

PlayFormal X X

PlayPatch X X X

 Table 1. Affordances of recreational activities

After this first selection, the selection process differs for single park visitors and 
for groups of park visitors. For a single park visitor with an activity for a single 
person, currently occupied park furniture is culled from the selection. For a group of 
park visitors, park furniture needs to be found that provides enough seating or places 
for the number of people in the group. This amounts to culling park furniture with less 
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space from the selection. If the resulting set is empty, then the park furniture with the 
least number of occupants is selected. Finally the location is chosen using a 
combination of random selection and nearest furniture selection.

2.2 Perceived Social affordances and group behavior

The concept of affordances of objects can be extended to define social affordances, 
i.e., affordances of persons or groups of persons.  Such social affordances might be 
belonging (being part of a group), talking (or other interaction at one place), playing 
(or other interaction with local movement), and more. In our model these affordances 
are also tightly linked to the intended activity, but activity does not account for all 
potential social interaction,  group behavior plays an important role here. At the 
current stage, we introduce into our model the social affordances for_talking and 
for_cooperating for park visitors, as well as for_belonging for groups of park visitors.

A social affordance is most likely tied to one or more persons, i.e., talking or 
cooperating require at least two people. For our model this means that a single agent 
not belonging to a group needs to find a special person or type of person in order to be 
able to talk or cooperate. We model these affordances in a similar way to the physical 
affordances, i.e., each agent has a set of affordances that can be matched with the 
desired affordances for a specific activity.

The affordance for_belonging requires modeling the behavior of groups of park 
visitors, i.e., persons who come to the park at the same time and share their intended 
activity. A prominent (small) group in our observations, i.e., about 30% of the park 
visitors, are groups of parents with children. This type of group is highly interactive 
and cooperative – they tend to congregate. This is in contrast to the groups of people 
that tend to separate themselves from others (singles or groups of park users) to 
pursue their own activities, be they interacting or playing (formal) games, e.g., soccer.

Group membership has a profound influence on location selection. The group tries 
to find a resource where all required affordances can be found. The group decision 
making process is not very transparent.  In our model each member of the group will 
make the decision and a majority needs to be found. If the requirements are the same 
for each group member, then they should come to the same conclusion. For the case 
of parent-child groups. the parent will make the decision in our model.

2.3  Mentally mapping the environment

During locomotion,  the agent perceives the environment and stores the perceived 
information in a mental map. This means that once our agent has carried out the 
simulated place selection and movement, she should have a complete mental map of 
the perceived park areas - no errors and no misclassification of features. It is possible 
to change the perception using several filters, e.g., the attention filter focuses the 
attention on a single feature or feature type and only this feature will be encoded in 
the mental map. Similarly an error filter, a misclassification filter etc. can be modeled.

A filter that is associated with attention is the visibility filter. If a feature is not 
visible then it cannot be added to the mental map. However, calculating visibility 
within the representation at our disposal is not possible.  Thus,  an additional data 
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structure for representing visibility is needed. There are several potential data 
structures for this purpose: one is the use of isovists,  which are viewshed polygons 
that capture spatial properties by describing the visible area from a given observation 
point (Wiener, 2004). A second possibility is the use of a visibility graph (Raubal and 
Worboys, 1999), where for each node the visibility to each feature is encoded. 

There is a consensus that the general structure of a mental map can rather be 
compared to a cognitive collage (Tversky, 1993) than to a map. However, a collage is 
not suited as a data model for a computer representation of mental maps. The most 
common underlying data structure for a mental map is considered to be a (usually 
planar) graph. An extension to a hierarchical form, encompassing differently detailed 
linked representations in the form of an information collage, has also been proposed 
(Timpf, 2005). Other representations are route graphs (Werner et al., 2000) or scene 
graphs for scene spaces (Rüetschi, 2007). For our application scenario scene graphs 
would best be suited since we are dealing with an open space with only few paths.

2.4 Keeping personal and social distance

The previous sub-sections dealt with conscious perception and choice of a location in 
the park. While consciously choosing a location the visitor moves into the park and 
most probably keeps on walking. Incidental evidence from our observations shows 
that about 95% of the park visitors just keep on walking while apparently scanning 
the park. Only about 5% stop walking or walk very slowly, scan the park and resume 
walking in a chosen direction. This behavior also depends on the design of the 
entrance to the park. If the approach to the park from many directions allows a 
scanning of the park, then many visitors just keep on walking. While walking in the 
park they keep their distance from stationary obstacles and evade other agents to 
avoid collisions.  This behavior is on-going while they are moving about. It conforms 
to the notion of keeping a personal (and social) distance at all times proposed by the 
anthropologist E.T. Hall (1966,  see also Altmann 1975).  In our simulation we intend 
to use a modified social force model (Helbing and Molnar 1995) to achieve this kind 
of subconscious behavior. In short, the social force model treats objects and agents as 
sources of forces. There are three types of forces: a repulsive force from obstacles, a 
repulsive force from other agents,  and an attracting force from the goal of the agent. 
The agent follows the least force path in the direction of its goal trying to achieve the 
maximum velocity of the agent.  The model requires that a personal and social 
distance is defined over the total population, i.e.  no individual differences in social 
and personal distances are possible.

2.5 Navigation and Locomotion

The navigation process consists of first an orientation phase, then defining the goal in 
relation to the current location, determining the route (or at least the direction), and 
finally, starting the journey by walking. Pre-defined functions such as walk_along, 
move_to or simply move already exist in our simulation environment.

However, while navigating to the chosen place, the agent also carries out a 
behavior called locomotion. During locomotion, the agent will avoid barriers and 
obstacles, such as other agents, in order to reach the goal.  However, an avoidance 
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behavior for outdoor areas that looks “natural” is hard to come by.  The social force 
approach (Helbing and Molnar, 1995) requires careful calibration of the model and 
even of parts of the model in order to yield a natural behavior. We are still in the 
process of determining a creditable locomotion behavior of pedestrians.

A special case of locomotion is the movement of groups of park users. Beltran et 
al. (paragraph 1.4, 2006) have shown that „the spatial behavior of a group as a whole 
(macro-level behavior) can be explained as a process emerging from the dyadic 
interaction rules governing the spatial distances between the members of the group 
(micro-level behavior).“  They modeled group behavior in the form of a 
dissatisfaction-minimizer, where the agent tries to move to that location within the 
immediate neighborhood that minimizes its social dissatisfaction. Social 
dissatisfaction is defined as a function of the discrepancy between the actual and the 
desired distances the agent keeps from its neighbors.  This behavior is also based on 
the idea of social and personal space and thus fits well within our model. An 
alternative model could be the behavioral rules for flocks of birds or schools of fish, 
commonly referred to as boids model (Reynolds 1987), adapted to humans. The three 
rule that govern this type of behavior are separation (avoid crowding), alignment 
(steer towards average center of heading of neighbors), and cohesion (steer towards 
average position of neighbors). 

3. Discussion

The first testing of methods and the results show that our goal of modeling spatial 
interaction at the micro level is already possible with the use of only the most relevant 
input information, namely affordance in the environment and type of activity. The 
results of the simulation are encouraging. They show a valid behavior of the agents 
(for some early movies of the simulation see www6.informatik.uni-wuerzburg.de/
~timpf/parksim/). On the downside, the development of the model was rather slow 
due to the many cases where spatial concepts first needed to be included in the 
simulation toolkit before the modeling process could proceed. As an example, the 
concept of an agent being physically located “on” a resource was not provided by the 
toolkit.

The modeling of navigation in conjunction with locomotion provides some 
problems. So far the combination of these two types of movement produces jumps 
and stops in the navigation behavior of the agent. This behavior needs to be analyzed 
with more care than visual inspection allows. Because of this problem, the group 
behavior also was not yet adequately modeled: If the locomotion does not work, then 
the boid approach cannot either. In addition, for group behavior, the communication 
of spatial concepts provides a challenge: The group members must come to an 
agreement on the place and on the path to the place. The concept of place could be 
replaced with an identifier. However, the concept of a path through a scene space (i.e., 
a space without pre-defined paths such as the lawn) can only be communicated as 
straight lines to other places along the way. Alternatively,  the group could decide on a 
leader who would then decide on the path without communicating it. This solution 
would also allow to apply the boid approach.
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Although we could show that the notion of physical affordances works well in 
conjunction with goal activities, the social affordances are not yet implemented. The 
affordance for_belonging can only be applied to groups, which are not yet 
implemented in a usable manner.

4. Conclusions and future work

The first experiment of a geosimulation of spatial park behavior with SeSAm has 
been successfully carried out. Our goal of integrating different spatial cognition 
models and algorithms is as yet stymied by missing spatial concepts which were not 
available in the simulation toolkit.  We are working on providing and implementing 
these concepts for geosimulation (see also Timpf and Klügl 2008).

4.1 Conclusions

Despite the advantages of using agent-based approaches as a tool for simulation, 
agent-based simulation has not been widely adopted within geo-spatial research. One 
of the reasons for this reticence might be the fact that the learning curve for powerful, 
generic multi-agent simulation environments is rather steep and that fundamental 
spatial concepts and data structures are missing. In addition,  each geo-spatial 
simulation must start from scratch, i.e., there is no framework as “geo-spatial base” 
for simulations with a core of functions or a library that a geospatial modeler can use 
out of the box. Thus, there is a need to integrate spatial core functionality as modules 
within existing multi-agent simulation tools. 

However, the problem of the accessibility of simulation tools for geo-spatial 
modeling is not solved by merely integrating functionality from GIS software libraries 
into agent-based simulation environments or libraries - or vice versa. It is not only a 
technical problem. The modeling language has to be enhanced by primitives and 
constructs that enable “immersive” geographic modeling: it should be possible to 
describe the agent behavior from the agent’s point of view - not only when tackling 
the agent’s goals, etc., but also when characterizing aspects of its environmental 
situation. This is the basic prerequisite for successfully modeling complex human 
behavior. Geographic information science offers the appropriate basis for such a 
modeling language. 

We are currently extending SeSAm to provide the functionality described above. 
We already successfully integrated the import of real-world geo-data and the export of 
manipulated spatial representations for further GIS-based analysis.  A first rudimentary 
version of graph-based spatial structures that are derived from GIS-data for more 
qualitative reasoning is also available. Our next step consists of enhancing the 
modeling language with primitives for cognitive spatial reasoning from the agent’s 
perspective,  thereby enabling the modeler to formulate spatial behavior without the 
necessity to calculate with positions and vectors. 
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4.2 Future Work

The model envisioned in the application scenario above requires several extensions of 
the existing model: Currently all park furniture affords an activity equally well. 
However, there might be differences in the perception of these affordances, such that 
e.g., the affordance for_reading of a bench is perceived to be a better fit than the same 
affordance of the lawn.  This would require a rating or bidding mechanism to be 
included in the reasoning of the agent.

As discussed before, we are thinking of introducing a special agent class for 
children. Children have different behavior patterns than adults and the notion of 
personal space is very different. For a complete and reliable model we certainly will 
have to develop this further. The Group behavior model as described in section 2 
needs to be implemented for adults and children as well. We are currently 
implementing the group behavior as boids model. We will have to determine if this is 
the best solution.

Currently, we cannot model trajectory perception, i.e., in reality, when humans 
walk towards an object, and see another person walking towards the same object,  then 
one of them will decide relatively early to choose another object or to keep on 
walking. This ties into the perception of actions (Mark, 2007) and their consequences, 
which requires temporal reasoning capabilities of the agent. At the moment no simple 
solution has been found for this problem.

Our agents at the moment come into the park without any pre-conceptions. It 
would be interesting to implement a pre-selection of the chosen location (which 
would be analogous to the agent having a coarse mental map of the park) or a ranking 
of locations according to stored behavior patterns and intentions of the agent. 
However, this extension of the model requires a set of spatial reasoning primitives and 
structures that do not (yet) exist in SeSAm. We are working with the developer’s 
group of SeSAm to incorporate more spatial primitives and structures into the multi-
agent system.

On the theoretical side,  we aim at deriving from these case studies the smallest set 
of spatial functions/primitives that needs to be included in a simulation environment 
for park design and management. We have identified that topological concepts need to 
be included or modeled explicitly,  i.e., the nearness relation, spatial overlap and 
include relations. See Timpf and Klügl (2008) for a systematic investigation of needed 
geo-concepts.
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Abstract. How does someone react when he faces a critical situation
in his life? In this paper we present an agent-based model for simulating
people’s behaviours in those particular situations. Coping strategies are
at the heart of our model and we use some strategies developed in the area
of psychology. We show the first step of our implementation architecture.
We are currently implementing our model by means of a multiagent
system approach, realized by distributed knowledge-based systems with
a specific focus on case-based reasoning technology.

1 Introduction

In our everyday life, we consistently face situations which pose more or less im-
mense challenges. Examples can be the breakup with a partner, the loss of a job,
an illness or even the death of a relative. As di!erent as those challenges can be,
the reactions of the persons who are facing the same kind of challenges can be
very di!erent as well. The problem consists in finding out, how someone reacts
when he/she faces up a given challenge. The problem being a psychological one,
there have been many research groups in psychology working in that direction,
beginning in the early 1960s [11, 9, 8]. They developed psychological models and
paradigms in order to represent and analyse people’s behaviours when he/she
faces any serious di"culties. They developed theories, software-based models,
and simulation approaches for that purpose. There have been many approaches
in the past in order to model and simulate those skills from a psychological point
of view. The main drawback of those approaches is that they always follow given
guidelines, which are not always adequate to persons.
In this paper, we present an agent-based approach for the representation and
simulation of human behaviours in critical situations. For this purpose we devel-
oped - in cooperation with Werner Greve (Institute of Psychology, University of
Hildesheim1) - the SIMOCOSTS (SImulation MOdel for COping STrategy Selec-
tion) model. In the SIMOCOSTS project we are actually aiming at a threefold
goal, namely (1) developing a research software tool for supporting psycholo-
gists, who are working on cognitive modeling and learning as roughly described

1 http://www.uni-hildesheim.de/psychologie/mitglieder/werner_greve.htm



above, in their research work, (2) realizing what we call ”collaborative multi-
expert-systems” (CoMES; see below) [2], and (3) instantiating the SEASALT
software architecture [4] we developed in our research lab as a first step towards
realizing CoMES. We elaborate in this paper how we intend to implement our
simulation.

In the next section, we will shortly introduce CoMES and SEASALT and discuss
related work. In Section 3, we describe the SIMOCOSTS model, its function-
ality, the developed knowledge representation and processing. The status of its
implementation is elaborated in Section 4. Finally in Section 5 we give a short
outlook on relevant future work.

2 Background and related work

In this section we shortly explain the underlying CoMES approach and its first
instantiation via the SEASALT architecture. Furthermore, we present related
work from the areas of cognitive architectures and coping processes which can
also be found in [12] and [10].

2.1 Collaborative Multi-Expert-Systems

Collaborative Multi-Expert-Systems (CoMES, see also [2]) denote a new research
approach that is both, a continuation of the well-known expert system approach
and a research direction based on the ideas of case factory and knowledge-line [3].
In the knowledge-line concept we systematically apply the software product-line
approach [13] from software engineering to the knowledge of knowledge-based
systems. This enables the necessary ”knowledge level modularization” for build-
ing potential variants in the sense of software product-lines. The modularization
can be achieved by making use of multi-agent systems [7, 14] as a basic approach
for knowledge-based systems. An intelligent agent - as a first approximation - is
implemented as a case-based reasoning (CBR) system [1], which, besides case-
specific knowledge, can also include other kinds of knowledge. Each CBR agent
is embedded in a case factory that is responsible for all necessary knowledge pro-
cesses like knowledge inflow, knowledge outflow as well as knowledge analysis.

A Case Factory (CF) is a (virtual) organizational unit that emulates the well-
known experience factory approach [5] from software engineering. Each role
within an experience factory motivates the introduction of one or more soft-
ware agents for carrying out automatable (sub-)tasks more and more indepen-
dently. Like the CBR agents, the associated respective CF agents are intended
to learn from experience. For example, they could implement machine learning
techniques for analyzing, evaluating, and maintaining the case base of the CBR
system agent. While many early (and also some current) expert systems had the
problem of acquiring and maintaining their knowledge, the underlying idea in
CoMES is to ”develop CoMES where knowledge is produced”.



Fig. 1. The SEASALT Architecture

2.2 Sharing experience using an agent based system architecture
layout

A first step towards realizing the CoMES approach is the SEASALT (Sharing
Experience using an Agent based System Architecture LayouT) architecture [4].
The architecture can be vertically split in two parts (see Figure 1). On the left
hand side we have the knowledge provision (i.e. the domain specific knowledge is
stored and used for the implemented application in that part). On the right hand
side we have the knowledge acquisition (i.e. the needed knowledge is acquired in
that part via experts or communities). For the current stage of the SIMOCOSTS
project we focus on the knowledge provision part only, mainly because we have
to know which knowledge a person needs in order to solve a given problem and
how he/she uses it. The knowledge acquisition part will be done by psychologists.

2.3 Psychological Background for Coping Strategies

In one area in psychology, one especially wants to know how people react in
particularly stressful situations (also called critical situations). One does not
only want to know which reactions result from the fact that the person notices



the critical situation, but also which coping strategies lead to those reactions
and which factors a!ect the choice of the coping strategies.
The coping methods are very important, because it helps us to classify the
reaction of the person. One of the most recent theory on coping strategies is
from Brandtstädter and Greve [6]. It is based on the fact that intentions are a
key part of psychological theories of action. Except for knee-jerk or automated
behaviours, human actions are motivated by intentions (e.g. start a family).
When somebody faces a critical situation (e.g. his/her partner wants to break
up), his actual state strongly di!ers from his goal state (i.e., his intentions). In
order to solve the problem, the person essentially can use one of the following
three forms of coping processes:

– Assimilative processes: the strategy here is to solve the problem by working
directly on the actual state. That is, it is an active art to work through
a problem, in which the person uses the available resources in a problem
oriented way. The available resources can be the person’s own resources or
external ones. In our example, the person would try to find a way to convince
the partner not to break up.

– Accomodative processes: this strategy is used when the person believes he
can not change the actual state (i.e. solve the problem) by himself. He then
tries to adapt his goal state such that the discrepancy to the actual state can
be diminished. In our example, the person could think that being a single is
actually better than having a family.

– Immunizing processes: in this case, the person just ignores the discrepancy
between the actual state and his goals. He can for example perform actions
that diminishes the meaning of the discrepancy.

Most of the time, a person does not intentionally apply a given type of
process. The person rather just try to find out, which strategy would be the best
for him at the moment (depending on his capabilities, environment, etc.). The
chosen strategy can then be evaluated to belong to one of the given processes
by experts.

3 A Simulation Model for Coping Strategies

We present here our model SIMOCOSTS (SImulation MOdel for COping STra-
tegy Selection), shown in details in Figure 2, for the simulation of process-based
problem solving [10]. The model is based on the psychological theories developed
by Brandstädter and Greve.
One main di!erence between our simulation approach and other ones consists in
the fact that all the other view the respective persons as normal agents. In our
model, each part is represented by an agent. That is, we have agents that can
contain further agent, the so called holonian concept. The main parts (agents)
of a person include the characteristics of the person and of his environment as
well as his coping strategies for critical situations. A detailed description of the
model can be found in [10] and [12].



Fig. 2. The SIMOCOSTS Model

4 An Implementation Architecture for the Simulation of
Coping Strategies

The model in the previous view was developed from a psychological point of view
and can not be directly used for an implementation. In this section we present
the implementation architecture of our simulation tool. With our architecture,
we aim to represent how we in fact are going to implement our system. The
main idea of our architecture is based on the fact that each person has some
goals that he wants to achieve. In our scenario, a critical situation occurs when
there exist some facts that prevent the person from reaching those goals.
We will implement those goals by using the so called practical reasoning agents
paradigm [15], which is based on the Belief-Desire-Intention (BDI) principle. The
main particularity of such agents is that they achieve their goals in two steps.
First, they deliberate in order to exactly define what their intentions are, based
on the defined goals. Second, in the means-ends reasoning step, they then try to



Fig. 3. The Implementation Architecture of SIMOCOSTS

find a way to achieve the intentions.
The input of our system is a situation (which should judged as critical), and
the output contains the computed plan as well as some explanation for the
plan. The experts will then use the explanation in order to tune the simulation.
Our architecture, presented in Figure 3 consists of three main parts which are
elaborated in the next sections.

4.1 Knowledge Base

The knowledge base consists of all the general knowledge that can be helpful
while loosing the problem. That knowledge include skills, material and/or social
environment, etc. We plan to use di!erent case bases for the distinct parts of the
general knowledge needed (e.g. skills). The cases in a case base represent the pos-
sibilities that we will insert into the system. Those possibilities are needed if we
want to simulate di!erent situations. They also represents the new possibilities
that will be learned by the system.

4.2 The Strategies

In our architecture, the strategies represents the actions (in analogy to BDI
agents) that can be used for the computation of the plan in the means-ends
reasoning stage. These actions mostly have an impact on the knowledge base
defined earlier (e.g. the acquisition of a new skill) as well as on the internal goals
(i.e. adaptation of the goals). Both facets need to be taken into account while
”designing” the strategies. We plan to implement those strategies as rules in a
case-base reasoning system. Such rules would able to adapt our knowledge base
to the new circumstances.



4.3 The (internals) Goals

The initial goals of the person are the initial beliefs of the agents which are used
for the computation of the intentions when a critical situation occurs. At any
time, each agent wants to fulfill its (long or short term) goals. That means, each
agent is responsible for analyzing if its goals are still reachable (i.e. there is no
critical situation). This can be done by analyzing each incoming situation and
identifying, if there is any conflict with its goal. Since the goals depend on many
factors we will implement the goals as cases in a case-base reasoning system. A
strategy would either try to adapt the cases in the goal’s case base or adapt the
knowledge base such that the facts in the goal’s case base remain or become true.

4.4 Classification of the Architecture

Our Architecture follows the principle of the CoMES approach introduced in Sec-
tion 2.1 and leans on the SEASALT architecture which we presented in Section
2.2. The important point consist in having a knowledge line in our implemen-
tation architecture which contains the three parts presented above. In fact, the
knowledge line in our architecture can be seen as all the informations needed to
represent a person. We thereby achieve the reusability which is important while
developing a knowledge line in terms of CoMES.
We are actually implementing a knowledge base (following the knowledge line
approach) for a fixed example, because it is nearly impossible to implement a
complete knowledge base for a person. The chosen example is about the break-up
of a partner when the person wants to start a family.

5 Conclusion and Outlook

In this paper, we presented an architecture for the implementation of the simula-
tion of coping processes. After the introduction of the CoMES approach and the
SEASALT architecture, we presented our SIMOCOSTS model for the simula-
tion of coping strategies. We then presented the architecture that will be used for
the implementation of the simulation. Our implementation will be based on two
main technologies, namely case base reasoning and multi-agent systems, while
following the CoMES approach.
Further work include an accurate specification of the knowledge base an its im-
plementation as well as the implementation of strategies and goals for given
examples.
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Abstract. Validity is the most important aspect of an agent-based sim-
ulation model. The intrinsic multi-level property found in Multiagent
simulations o!ers new ways of validation. Immersion provides the oppor-
tunity for a person experiencing ”living” in the simulated environment.
However, without appropriate support from the underlying modeling and
simulation environment, this potential is not available.
In this contribution we introduce a tool that enhances the modeling and
simulation platform SeSAm by a so called ”agent interface” that allows
to couple an external graphical interface to one particular agent. Using
this external program, the virtual environment can be visualized appro-
priately and actions from a human can be recorded and transferred back
into the running simulation. A small minority game is used to demon-
strate the usefulness of this overall setting.

1 Introduction

Agent-based simulation forms a highly attractive modeling and simulation para-
digm. Simulating systems with properties like heterogeneity of decision makers,
with necessary flexibility of local behavior adaptation or social interactions be-
tween entities, is hardly possible using another modeling and simulation tech-
nique. However, the validation of agent-based simulations poses challenges in
such domains, because the volume of reliable empirical data is often too small
for systematic data-driven validation. Therefore qualitative, or better said, sub-
jective evaluation of the ongoing behavior and output is an essential part while
validating agent-based simulations.

In this contribution we introduce a new tool for constructing interfaces for
qualitative user-centered validation. The basic idea is that the evaluation of an
agent’s behaviour is done from a perspective that the stakeholder is familiar
with. Especially when human behaviour is simulated, an ego-perspective from
within the real multi-agent system is considered to be better than a birds-eye
perspective. An important requirement for the success of such an approach is



that the model itself needs only marginal changes when introducing the interface,
or the connection respectively.

The paper is structured as follows: In Section 2 and 3 we review related
work. SeSAm and the enhancement “agent interface” is introduced and descriped
briefly in Section 4. In Section 5 we illustrate how this interface can be applied
to a simple game-theoretic scenario where subjects have to find out which of the
other agents is played by a human. In Section 6 we conclude our paper and give
an outlook on future work.

2 User-Centered Validation

Involving human users in agent-based simulation is particularly interesting for
several reasons: Firstly, it forms an intuitive, direct modeling paradigm where the
original system is naturally conceptualized as a collection of actors. A modeler
may take the role of an actor and specify the agents behavior from his personal
point of view, i.e. an ego perspective of the domain, thereby easing the process
of model creation. Secondly, domain experts, i.e. stakeholder, can be involved
more closely in the modeling tasks, since the basic model structure is more
understandable than, for example, models based on complex math.

The main argument is the advantage of having an inside view. Humans may
interact with agents, they share their perspective, they observe the environment
alike and are even able to perform actions within the model. The variety of
possible interactions between human user and agent-based simulation is therefore
higher than in macro or abstract simulations where only one level, namely the
aggregated level of observation and parameter manipulation is possible.

3 Qualitative Validation

Due to its importance, validation in general plays a central role in publications
concerning simulation. See [1], [2], [3] – for agent-based simulation in particular
[4] – and any other textbook about modeling and simulation, for descriptions of
techniques, guidelines, etc. Ensuring that the behavior of the overall system and
each single elements is plausible or seems to be valid, plays an important role in
the early phases of modeling. Using human experts for evaluating plausibility of
an already designed and implemented model is a procedure that has been seen
as inevitable for long. [1] advises to do this in an organized and systematic ways
using “Reviews”, “Audits”, etc. This is also known as “face validation”.

In agent-based simulations, the application of human expert knowledge has
been focussed recently – especially in application domains with notoriously lack-
ing empirical data. Examples are the Stakeholder approach [5], Companion mod-
eling [6] and integration of Role-playing games [7]. Stakeholder and companion
modeling approaches is merely based on an early integration of managers and
domain experts into the modeling and simulation project. Applying Role-playing
games enables eliciting the interaction and behavior of agents in human driven



domains. Stakeholders that participate in a classical Role-playing game can be-
have as their role demands and interact with others according to their deep
knowledge of the system.

In [8], immersion into virtual reality was suggested for validating pedestrian
simulation. Unfortunately, the authors discovered that irrelevant features deter-
mine the level of credibility, like if a passing agent is beckoning to the human or
not. Whether this is a general problem or a problem of their experimental setup,
is unclear.

4 SeSAm and Agent Interface

Validating an agent-based simulation from within needs a more sophisticated tool
other than supporting just a mere model implementation. Before describing our
experiments we briefly outline some details about the tools we have developed
so far.

4.1 SeSAm

Elements of the SeSAm System SeSAm provides a platform for imple-
menting and experimenting with agent-based simulation models using a visual
modeling language; starting from the basic elements of the model, namely the
structure and dynamics of agents and their environment, to possible configura-
tions, instrumentations and experiment descriptions. The model is interpreted
and put into a dynamic context for simulation. Output can be animated or stored
as text files. Being able to build user interfaces that allow a human to control
an agent within the simulation was a recent enhancement. More information on
the current version of SeSAm can be found on www.simsesam.de or in [9].

Basic Model Representation The high-level modeling language of SeSAm
consists of elements on di!erent levels:

– Primitives and data structures form the basic language elements like in any
other programming language. Primitives and data structures may be built-in
or user-defined.

– Static structures are the description of the structural composition of the
system: entity and environment classes, state variables and their domains
describing the entities’ bodies, etc.

– Configuration of the initial situations including descriptions of a number of
instances and start values for each instance, its positions, etc.

– Description of dynamic reasoning as the specification of agent and environ-
mental behavior.

– Meta-level characterization descripe what to do with the model: experiment
scripts, model instrumentation, visualization, etc.



4.2 SeSAm - Agent Interface

In this contribution, we want to describe our new development the “agent play-
ing” framework. It forms the logical advancement of interactive simulation runs
based on model-specific interfaces which can be developed using a built-in GUI
builder. In the latter, a birds eye view combined with dynamic diagrams showing
aggregated data may be used for monitoring and controlling the model dynamics
from the outside. In contrast to this, the agent playing framework enables the
“immersion” of a human into a multi-agent simulation by providing the foun-
dation for an ego-perspective view combined with opportunities to control the
observed agents.

Requirements Other requirements, beside the possibility of an ego-perspective,
were identified as well:

An important criterion during development was the ability to reuse and en-
hance finished and running models. Only minimal changes on the part of the
SeSAm model should be needed. In addition the same model should be run-able
without an accompanying agent interface.

A mechanism is required that is capable of translating the model data, e.g. the
current state of an agents paramters, to perceptions that resemble real domain
data. The human using the interface should be able to control the agent that he
is “playing” in a familiar way.

More than one agent may be controlled by a human concurrently. Agent
interfaces should be manageable in parallel thereby allowing interactive simula-
tions in which a group of humans, each one with having its own agent, take part
simultaneously in a simulation run.

When providing timely perceptions and in return transmitting control in-
put of the human, a correspondence between simulation advance and real-time
dynamics is required.

Architecture The “agent playing” framework consists of two parts (see also
[10]): enhancements on the part of SeSAm and an “agent interface” – a spe-
cialized piece of software that visualizes the agent’s perceptions and returns the
input back into the simulation.

– SeSAm models have to be extended with primitive calls, sending and re-
questing all information marked as necessary.

– An additional program has to be developed that receives the information
from SeSAm and visualizes this information appropriately. This program
may also interpolate between two sets of information – for example visu-
alizing a smooth movement in a discrete world. It may be used for mere
observation, but also for controlling the agents by collecting the commands
from the user and thus forcing the agent to do what the human wants the
agent to do.



The general architecture of the “agent playing” framework is depicted in Figure
1. It is basically a client-server architecture with the individual agent interfaces
as clients and the running simulation serving as a server.

Fig. 1. Overview of the SeSAm system with the “agent interface”

In the SeSAm system the simulation provides the agents with a virtual time
and environment. The system is enhanced by a server instance that manages
all connections to the agent interface outside of SeSAm. An agent interface is
implemented for directly serving the visualization of the agents environment.
One unique agent is connected to the interface program. Arbitrary many agents
can be viewed and played using such an external program. We use plain XML
messages over TCP/IP for data exchange.

Information Transfer After starting the SeSAm simulation, for every agent
that is configured appropriately, an instance of the external control and visual-
ization program needs to be started and connected to the simulation.

In the SeSAm model, the modeler completely specifies in what situation,
which kind of information should be transferred and all conditions where input is
needed from the interface. Two primitives serve this purpose: sendInformationToInterface
(information push) and getInformationFromInterface (information pull). In
the latter a default value is specified, thus allowing the simulation to be run even
if no interface is connected with an agent.

The information transfer protocol is done in a standardized way based on
XML. Two examples of sending and receiving from distinct models are shown in
Figure 2 and 3. While sending is bu!ered, retrieving input from the interface is
synchronous; mainly because the simulation can’t proceed without the concrete
input data. In time critical simulations the client has therefore to respond in



a timely fashion, which can be done using multi-threading, pre-computation of
values, etc.

<perception mode="push" time="12:34:11" tact="4"
<simobject id="self">

<item label="x" type="Number">
<value>100</value>

</item>
</simobject>
<simobject id="Agent@001">

<item label="x" type="Number">
<value>90</value>

</item>
<item label="y" type="Number">

<value>10</value>
</item>
<item label="state" type="String">

<value>prey</value>
</item>

</simobject>
</perception>

Fig. 2. An example of a XML message sending data to an agent interface.

<perception mode="pull" time="12:34:11" tact="4"
<simobject id="self">

<item label="gotoBar" type="boolean" />
</simobject>

</perception>

Fig. 3. An example of a XML message retrieving data from an agent interface.

5 The El-Farol Bar Testbed and Results

We used the El-Farol Bar [11] problem, a well known minority game, as a testbed.
Agents repeatedly decide whether to spend an evening at the bar or stay at home.
Going to the bar only pays o! if it is not too crowded. Otherwise staying at home
results in a higher utility. More precisely, we used the following payo! rule: in
case more than 60% decided to visit the bar, the agents staying at home are
awarded; else the agents in the bar receive the award.



The task of the human participant was to determine which one of her co-
players is played by another human and not to play successfully. One experiment
lasted 30 rounds, resulting in 30 decision-payo! cycles.

We used two modi: observe-only and interactive. In the first case, the subject
only observes the agents selection: wether or not they decided to go to the bar.
In the second case she also controls an agent and thus may try to force the other
agents to react in a human-like way, making discovery of the one human-played
agent more easily.

5.1 Experimental Setup

For the experiments we used 4 agents – in case the subject is actively partici-
pating 5 agents. The subject does not know what strategies the artificial partici-
pants use, they were not informed beforehand. We provided the computer-played
agents with the following strategies:

– Random
– Best 10 : During the first 10 rounds, the agent collects experiences, afterwards

it selects the best alternative from these 10 rounds.
– Adaptive: The probability of selecting the bar is the number of successful

bar selections divided by the number of all selections.

Fig. 4. Interface for observing the selection of the agents and for controlling the agent
“Sergio”.

In both variants 17 subjects played the game, each one with over 30 decision
rounds. Figure 4 shows a screenshot of the agent interface. After both exper-
iments, the subjects answered questionnaires about which agent is played by
the other human and how sure they were concerning this guess and why they
selected the particular agent.

5.2 Results

While being an observer 47% of the subjects actually discovered the human
player, as a co-player 35% were successful. Also the self-confidence in the picking



the right agent was lower compared to the second case: 59% were unsure and
severely unsure in the observer case, 77% in the participant case. 48% evaluated
the game as di!cult and very di!cult in the observer case and 71% in the
interactive case. The question concerning how much fun it was to play was
answered very heterogeneously. No clear tendency could be found.

Unfortunately, the results were not as we expected. We thought the minority
game seems to be quite simple and the small number agents could easily be
manageable. We expected a higher discovery rate when the subject was partic-
ipating, since the game could be influenced by her decisions. We assumed that
the subject could derive from the agents reactions to her own decisions which
one is played by human player or the computer. However, our experimental
data didn’t resemble this assumption. We claim that the complexity of solving
two tasks – selecting an option himself and concurrently observing – makes the
decision-making much harder.

6 Conclusion and Future Work

In this contribution, we introduced an enhancement of the multi-agent simulation
platform SeSAm, that allows humans to interact with agents in an ongoing
simulation. The agent interface architecture supports external – highly model-
and agent-specific graphical interfaces for visualization and manipulation – into
a multi-agent model without major model modifications. There are only three
primitive calls to be made: a call for establishing the connection, a call or set
of calls for repeatedly sending the environmental information that the agent is
able to perceive to the interface software and primitive calls for collecting the
relevant information for controlling the agent in the simulation. The latter could
for example be a velocity or direction value or an action tag.

In applying this generic interface to a model, a human is integrated within the
simulation and shares the perspective of an agent. The human tester may observe
the artificial environment from the same point of view as he does in reality.
Consequently, the qualitative validation of the simulation model is facilitated.

There are still technical problems resulting from the xml-based information
transfer. Since XML is not a very condensed, it takes too much time and band-
width for network transfers – notably due to rich perceptions in rich environ-
ments – much data has to be send and processed.

Upcoming work will focus on testing agent interfaces on di"erent models
where this kind of qualitative simulation seems rather attractive, namely pedes-
trian simulation. We already made first experiments in providing an interface
for the simulation of a railway station. However, the spatial representation of
connected 2D areas did not support the 3D view of the interface. Therefore
we could not come to a point that allowed us to make reasonable statements.
Currently we are re-designing this model for more appropriate representations
using agent interfaces. The MoS research centre at the Örebro University owns
a virtual reality cave that is available for our tests, therefore we will especially
focus on 3D agent interfaces in the future.
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Abstract. While distributed problem solving has many advantages the
efficient coordination of multiple autonomous robots is still not always
possible. There are several different ways of how to approach the co-
ordination problem. Most of those require excessive communication in
order to negotiate a valid global plan. Yet the global plan after the co-
ordination might still be less effective than a plan generated with cen-
tralized information. This paper is intended to provide a comparison of
centralized and distributed plan generation for realistic multi-robot con-
trol in a dynamic and unknown environment. This urban rescue setting
is inspired by the RoboCup-Rescue-League. This setting allows many
different experiments in the fields of robotic and multi-agent-systems,
especially multi-agent-coordination and -cooperation. This paper is fo-
cused on the applied coordination method and on the comparison of the
centralized and the distributed plan generation and execution. It will
be shown that centralized and distributed plan generation, while being
difficult to compare, are about equally powerful in the given setting.

1 Introduction

Distributed (or multi-)robot systems gain increasing importance in several parts
of modern society. Most of the cooperating or at least coordinated multi-robot-
systems are centralistically controlled. Centralized control is viable for the -
mostly logistical - problems which those systems are utilized for and, due to the
nature of the problems, easier to run and often more effective than distributed so-
lutions. Especially for scheduling problems and for planning time critical actions
a centralistic control system is often more effective. The robots themselves are
not deliberative, so the calculation capabilities for each robot can be restricted.
This allows for cheap and yet powerful, specialized and robust robots.

However there are several problems that require distributed control because
of either lack of communication, and thus information, or because of the need for
? This paper is based on the master thesis ”Kollaboratives, verteiltes Prob-

lemlösen in unbekannten Umgebungen” of Andreas Hirschberger, 2007, see
http://www.cogsys.wiai.uni-bamberg.de/theses/hirschberger/hirschberger.pdf



a fail-safe system. Especially if there is the possibility of a breakdown of a robot,
fail-safe and flexible systems with redundant components are required. At the
same time the modular structure and self organizing control allows for flexible
use of the system for different problems without the need of detailed knowledge
about the problem beforehand. A certain minimal amount of communication
is required in order to organize a team of robots to enable them to cooperate
in solving a common problem. The robots have to gather information about
their surroundings and the problems, they have to create local and global world
models and choose their next action while taking the intentions and actions
of other robots into consideration.A coordinated team of robots is extremely
flexible and adaptive, can easily be extended by adding more specialized robots
and allows fail-safe and concurrent problem solving.

If, in a certain setting, both the centralistic and the distributed method to
control a multi-robot-system are technically possible, one might wonder which
approach is more powerfull and should thus be used. In my master thesis I
chose a scenario which allows the use of both methods. In the same setting
several different problems of multi-agent-systems and multi-robot-systems can
be studied, for example methods of distributed exploration. The focus of this
project was to compare the two basic ways of controlling a multi-robot-system.

In section 2 I will explain the setting used for the comparision. In section 3
I will provide an overview of the design of the agents, the planning system and
coordination methods. The method and outcome of the comparison is explained
in section 4 while section 5 provides an interpretation of the results.

2 Background and Setting

The continuing urbanization of the world leads to an increasing risk of devas-
tating natural or man-made disasters. The consequences of such disasters are
unpredictable and too often the rescue teams have to learn how to manage
the situation in process, which leads to unnecessary delays of handling the dis-
aster. In rescue operations preparation and organization are the best ways to
reduce the risk for the rescue team and use the available resources most effec-
tively. To provide a common basis for research related to disaster management
the RoboCup-RescueLeague1 was created. Inspired by the success of RoboCup-
Soccer, RoboCup-Rescue provides research establishments with additional mo-
tivation and challenge by providing direct competition and comparison. The
tournaments force the regular publication of the current research, allowing for
cross inspiration, direct comparison of different approaches and provides a sur-
vey of the ”state of the art”. RoboCup-Rescue consists of basically four leagues:
simulation league, agent league, virtual robot league and robot league.

While the rescue scenario is very interesting and provides a huge variety of
flexible and challenging missions none of the Rescue-Leagues were suitable as
a basis for my master thesis. Because different aspects of multi-robot-systems

1 See www.robocuprescue.org or [3]



should be researchable in the same realistic setting a flexible and yet simple
scenario was needed, that could be simulated and easily transferred to a real
smallscale experiment setup.

So the setting used in this master thesis is only inspired by the RoboCup-
Rescue-League. It is basically an unstructured urban setting with rescue related
problems scattered around the map. It also provides a wide range of parameters
to adjust the scenario to the needs of the current research. Two types of problems
are used for the comparison of centralized and distributed multi-robot-control:
fires and injured people. Thus two different types of robots are used: firefighter
and medics. A third type of robot without any special ability can be added to
support the exploration of the unknown environment.

It is assumed, that the environment is not known beforehand and thus has
to be explored. To enable map creation in such an unstructured environment,
landmarks are manually placed on the map. These landmarks are always distinct
identifyable by any robot, allowing the creation of a topological map of the en-
vironment. To use the multi-robot-system to full capacity, gathered information
is distributed to other robots. By doing so the robots conjointly create a global
map from local information, thus providing one basis for coordination.

The robot which is used for this project is the Khepera-II microrobot[2]. The
environment is designed so that these small and simple two-wheeled robots have
no problem navigating in it. The time and effort for robot development was kept
small by using the robot simulation webots and improving the abilities of the
robots just as needed2. The Khepera-II uses an IR sensor array to detect and
avoid obstacles and the radio extension to communicate with other robots. The
Khepera-II robot is not able to execute complex operations like problem solving
actions. Those actions, for example extinguish fire, are abstract commands to
the environment that can not fail and don’t need any time.

The environment is dynamic, inaccessible, non-deterministic, non-episodic
and continuous. In such an environment planning is almost impossible. The
setting is simplified to allow goal oriented problem solving. For example the
environment is dynamic, but only the user can manually influence it, by moving
obstacles. The environment is non-deterministic so the outcome of actions, for
example the navigation, is not precisely predictable. While most actions which
the robot can perform are abstract and deterministic, the navigation is precise
enough to compensate for the error by means of position tracking.

3 System Design

Each robot is represented as a deliberative agent with a given set of actions.
The agent builds a model of its environment by exploration and creates a local
plan to solve identified problems. The local plan is refined into a globally valid
plan using methods of coordination. The local parts of the global plan is then
executed by each robot eventually solving all known problems in the scenario. In

2 For more information on robot localization and navigation see [6]



the following sections I will give a more detailed overview over the design of the
robot-controller and the methods used in generating and coordinating the local
plans. Finally I will describe the centralized plan generation used to compare
the two ways of multi-robot-control.

3.1 Representation as Agent

The ideal high-level representation of a robot with sensors and actors is as an
agent. High-level sensor informations are here: ”Robot is at landmark L” or
the informations gained through communication. High-level actions are: ”Goto
landmark L” or ”Extinguish Fire”. There are several kinds of agents that differ
in the method by which the next action is selected3.

Low-level abilities of the robot are for example collision avoidance, trivial
navigation to a specified target location, position tracking and communication
which are mostly reactive or behavior-based control. These low-level controlls
can directly effect the robot, for example by setting the wheel speed. And they
make direct use of the robot’s sensors, for example tracking of wheel turns or
using the IR-sensors.

Based on this division the robot is controlled by a hybrid two layer agentbased
controller. The higher layer makes decisions concerning future actions and must
be goal-oriented and able to keep track of the state of the environment. With a
representation of the current state of the environment a deliberative agent is able
to plan ahead in order to choose a sequence of actions, so that it will always lead
to the desired goal state, assumed that such a sequence exists. The lower layer
is a simplified behavior-based, multi-controller layer for exploration, navigation
and basic robot-handling. Each controller assures the completion of a certain
goal given by the higher layer. Controllers competing for the same activator,
for example trivial navigation and collision avoidance, are coordinated by a set
priority. In this example collision avoidance is of higher priority than trivial
navigation.

3.2 Knowledge Representation

The agent needs a representation of its surrounding in order to allow goal-
oriented selection of actions. That representation is the world model. In this
project the world model is basically a topological map of the agent’s surround-
ings, extended by information about locations of problems and the agent itself.

The topological map consists of the set of explored landmarks and the infor-
mation about connections between the landmarks. Connection information can
for example be a path between two landmarks or other navigation information.
In this project the connection information is the direction to the neighboring
landmark and the information whether there is a trivial path between them.
There are several ways to handle the connections between landmarks: The op-
timistic way is to assume connections between all landmarks and remove the
3 For more information about agents and multi-agent-systems see [7] and [5]



connection if the way is found to be blocked. The pessimistic way is to assume
no connections between the landmarks and add a connection only if a robot
successfully moved from one landmark to the next. There are other methods
which allow quick creation of good maps but require assumptions about the en-
vironment or the mapping of obstacles or explicit and intentional verification
of connections. Especially in the given setting the pessimistic way to create the
map is the method of choice, because once a problem is explored a path found
in the created map is guaranteed to be actually usable.

The map is created by exploration of the surrounding. Every agent explores
the map by walking around, trying to find new landmarks or to prove connec-
tions between landmarks and distributing his discoveries to other agents. The
exploration of the environment can be done in basically two ways: systematic
or randomized. Systematic exploration of an environment will lead to a correct
map with a predictable effort. Randomized exploration will eventually lead to an
exhaustive map. Which method should be proferred depends on factors like size
of the area to be explored and complexity of the surrounding. Especially with
distributed exploration without global organization or comprehensive knowledge
about the positions of the other robots randomized exploration is more effective.
Distributed systematic exploration would be faster in creating the map with
more global information. Different methods of local exploration were evaluated
and a randomized method with few but significant changes in direction was
found to be the fastest in mapping most of the surrounding.

The knowledge is represented symbolically in a form based on STRIPS4.
A fact describes one information about the environment, for example the line
at khepera2_0 landmark_07 means that the agent with the identifier ”khep-
era2 0” is at the location marked with the landmark ”landmark 07”. A state
consists of one or more facts. Operators used to transit from one state to an-
other are descriptions of the preconditions, add-effects and del-effects. The fol-
lowing operator describes the effects of the move action of agent ”?who” from
the landmark ”?from” to the landmark ”?to”:

move ?who ?from ?to
prec: at ?who ?from
add: at ?who ?to
del: at ?who ?from

With the description of states and operators a state graph can be constructed
and sequences of operations can be found, which lead from one state to another.

3.3 Planning

Once some knowledge about the surrounding has been gathered, an agent can
generate an action sequence to solve given problems by using the world model
and the representation of the actions of the agents.
4 STRIPS is a planning system using a description language also called STRIPS. Most

description languages used for modern planning systems are based on STRIPS. For
more information see [1]



With the world model as the initial state and the solved problem as goal
state and the agent’s actions as operators the use of different planning methods
is possible. There are several planning systems which could be used in the given
setting5. Centralistically generated plans for distributed robot control should
be partial order plans to make best use of the concurrent operations possible
in a distributed system. For that reason a graphplan-based planning method is
used for centralistic plan generation. The comparison of the centralistic and the
distributed plan generation should not be affected by choice of plan generation
method, so in both cases the same algorithm is used.

A navigation problem, which is a significant part of the plan generation in this
setting, can be solved much faster by using heuristic methods of plan generation.
But for those methods, additionally to the world model, map positions and
distances have to be calculated and because of the navigation inaccuracy these
informations are difficult to maintain with the needed precision. For that reason
the navigation is part of the agent’s plan and might cause additional planning
effort.

3.4 Coordination

In the given setting it is assumed that all problems will be found and solved even-
tually by using random navigation. The distributed exploration and deliberative
selection of actions based on the world model allow to increase the efficiency
of the system. The capabilities of the system can be further improved by dis-
tributed task allocation: Each sub-task is assigned to exactly one agent. This
not only allows simultaneous execution of multiple sub-tasks but also prevents
unnecessary redundant work.

The process of creating an efficient global plan with distinct allocated tasks
from the local plans of the agents is called coordination. There are several ap-
proaches to coordination based on communication, observation, negotiation or
strategy selection. All of these approaches have advantages and disadvantages
making them usefull under certain conditions.

In this project the coordination is done by task allocation through commu-
nication. The agents compare the amount of steps which are required to solve
a given problem. Only the fastest agent will keep the task, the others will dis-
card it. After removing a task the agent can refine its plan. Then the process is
repeated until all solvable tasks are assigned to exactly one agent. This way of
distributive allocating the tasks will lead to a consistent and valid global plan
with higher efficiency than the local plans.

3.5 Centralistic control

Normally an agent has to be autonomous and able to make its own decisions.
For the comparison of the centralistic and the distributed multi-robot control
the agents are limited in their independence. While navigation and exploration
5 For more information on planning see [4]



and the actual execution of the global plan is still controlled by the agent itself,
the action selection is dictated by the global plan. As mentioned before the cen-
tralistic planner is basically the same as the distributed planner. To find a valid
plan for all agents the entity performing the plan generation - the commander
- needs more information about all agents. He needs the representation of the
agents’ actions, must know which agent can perform which action and must have
all the information all agents have. This allows him to generate a more efficient
distributed global plan. That plan is than transmitted to the agents and they
will follow its lead. This method increases the amount of required communica-
tion and information to an extent which can severely slow down the process of
plan generation. Yet no additional effort in order to coordinate the agents is
necessary.

4 Comparing Centralized and Distributed Planning

The two ways of controlling a Multi-Robot-System used in this project are dif-
ficult to compare, because the quality of the plans found depend on too many
parameters. For the simulation of a real-world-problem comparison by realtime
effort seems to be an appropriate measure. In the same setting of the environment
each run of the simulation deviate mainly because of the randomized exploration
algorithm and inaccuracy in the robot movement, which than cause differences
in the global map and thus in the plan generation. Repeated runs with the same
setting and both centralized and distributed plan generation proved empirically
that in average the distributed system runs faster. Yet realtime effort in the
simulation is no perfect measure for the time the robots may need in reality.
The main reason for this is that the calculation capability of the whole system is
given and thus limited by the computer used to run the simulation, while in re-
ality the capability of each individual robot is limited. Computational idle times
for robots without current tasks lead to prolonged actual plan generation times.
The whole system needs as long as the slowest robot to generate and coordinate
the global plan. In a centralized plan generation the computing entity would
obviously be more powerful than each individual robot and, because of the lack
of idle times, would make better use of its calculation capabilities.

After taking this into account6 and calculating an approximation of needed
computing times, both systems are about the same speed, as can be seen from
table 1. The power of reducing the search space by removing problems which a
robot can’t solve himself is the main reason for the reduction of calculation time.
The plan generation could be further accelerated by using heuristics to decide
about including or removing solvable problems. The given setting allows easy
coordination by task allocation using the estimated effort to solve the problem.
6 This is achieved by separating the operational and the total computational times of

the agents and refining the calculation times by an empirically estimated factor. For
distributed plan generation the Distribution factor set to about 3 or 4. For central-
ized plan generation the Cenralization factor measures how much more powerfull
the calculation capacity of centralized planing entity is.



T-Sim T-Plan/D=3 Total

294 176/29 323
426 137/23 449
391 248/41 432
265 193/32 297
421 135/23 444
299 225/38 337
293 377/62 355
464 242/40 504
253 138/23 276
213 192/32 245
472 197/33 505
468 187/31 499
209 173/29 238
273 222/37 310
246 488/81 327
304 220/37 341
264 237/40 304
413 178/30 443
288 143/24 312
225 174/29 254

324 214/36 360

T-Sim T-Plan (C=6) Total

165 63 228
557 141 698
141 89 230
226 101 327
281 68 349
604 44 648
408 77 485
164 49 213
411 115 526
127 73 200
317 47 364
114 71 185
137 120 257
152 127 279
318 87 405
222 88 310
146 50 196
291 107 398
213 77 290
251 101 352

262 85 347

Table 1. Measured times in 20 runs. left: Distributed Planning with Distribution
factor D=3. right: Centralized Planning with Centralization factor 6.

Most of the time, because of the unknown environment, it is not viable to allocate
more than one or two problems to a specific robot because new information
invalidate the plan and recalculation and new coordination is required.

In this project I aimed to use planning in an unknown environment. With the
explored information planning was possible and viable, but there is no way to
evaluate the correctness of the plan when new information is gained. There are
basically three ways to handle new information: Optimistic approach - ignore new
information and continue with the plan. This might cause invalid global plans,
or at least reduce efficiency. Pessimistic approach - assume that the previously
generated plan is no longer valid. Initiate replanning with the new information.
Analytical approach - try to guess whether the new information might influence
the plan execution. In general only the pessimistic approach is viable in an
unknown environment.

5 Conclusion

Both systems are compareable in the given setting. The numerous advantages
of distributed control make it predestined for the rescue domain. Depending on
the setting and problemspace, higher level of coordination and thus more com-
munication and plan refinement is required. With this the centralized planning



is getting in favor. Then again at a certain level of complexity the distributed
planning is again better because of the reduced problem space. While no do-
main and setting specific comparison will allow a general evaluation whether
distributed or centralized multi-robot-control is more powerful this project has
shown, that even when both methods are viable distributed plan generation and
coordination is by no means inferior to the centralized approach. Because the
other advantages of distributed control are outstanding, especially in an unstable
and unpredictable setting such as the rescue scenario, robot control based on a
multi-agent-system can by far outperform the centralized alternative.
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1 Introduction 

Pedestrians and crowds of pedestrians are complex entities from different points of 

view. The range of individual and collective behaviours that take place in an 

environment in which pedestrians are situated and move, the composite mix of 

competition for the shared space but also collaboration due to (not necessarily explicit 

but shared) social norms, the possibility to identify self-organization and emergent 

phenomena, they are all indicators of the intrinsic complexity of a crowd. The 

relevance of human behaviour, and especially of the movements of pedestrians in 

built environment in normal and extraordinary situations (e.g. evacuation), and its 

implications for the activities of architects, designers and urban planners are apparent 

(see, e.g., Batty, 2001 and Willis et al., 2004), especially given recent dramatic 

episodes such as terrorist attacks, riots and fires, but also due to the growing issues in 

facing the organization and management of public events (ceremonies, races, 

carnivals, concerts, parties/social gatherings, and so on) and in designing naturally 

crowded places (e.g. stations, arenas, airports). Computational models of pedestrians, 

crowds and simulators are useful instruments supporting architectural designers and 

urban planners in their decisions by providing the possibility to envision the 

behaviour/movement of crowds in specific designs/environments, to evaluate what-if 

scenarios with reference to specific metrics and criteria. Software platforms for 

computer simulation of pedestrians are available on the market and consultancy 

companies offer advice and elaboration of scenarios to decision makers. The research 

on this topic, however, is still very lively; it is aimed on one hand at improving the 

quality of the simulation results and to extend the range of application of pedestrian 

models, but also to improve our understanding of pedestrian behaviours and crowd 

phenomena. 

2 Pedestrian Modeling Approaches in Brief 

The current state of the art in crowd simulation approaches provides models that 

range from a physical representation of pedestrians (viewed in terms of particles 

subject to forces generated by points of reference/interest of the environment and by 
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pedestrians themselves) (Helbing et al., 2002), to a discrete modeling of the 

environment in terms of a lattice in which pedestrians are viewed as particular states 

of a cell, in a cellular automata approach (see, e.g., Schadschneider et al., 2002), to 

situated agent based approaches (Klügl and Rindsfüser, 2007; Bandini et al., 2007), 

that provide a more clear-cut separation between the representation of the 

environment and the entities that inhabit it, acting and interacting according to their 

perceptive capabilities and behavioural specification. The basic mechanisms for the 

specification of agents’ behaviours, however, are still related to simple 

attractive/repulsive effects generated by points of reference or attraction in the 

environment. Agents may of course be endowed with specific perceptive mechanisms 

and also means of interpreting the effects of elements of the environment and 

choosing the most appropriate action according to their state, but generally the flavor 

of agents modeling pedestrians is on the reactive side. 

3 Models In Need of Cognitive Extensions? 

There are at least three considerations leading us to consider the fact that current 

agent-based approaches to pedestrian modeling require proper cognitive extensions: 

• Experiences both in the application of off-the-shelf pedestrian simulators and 

research prototypes (Bandini et al., 2007) indicate that in several situations the 

basic reactive behavioural specifications lead to erratic, transient, chaotic and in 

general undesired behaviours, that are sometimes avoided through the 

introduction of ad hoc cognitive extensions (memory of past moves, rules 

preventing unrealistic patterns of movement, etc.); 

• Agent perceptive and behavioural specifications often neglect or treat in 

simplistic way the knowledge agents may own about the spatial related 

information about their environment; 

• The goals of pedestrian movement are generally relatively simple (e.g. evacuate a 

room or building, reach for you train, get out of the station), especially when 

compared to the motives that are generally considered in land use models or 

activity scheduling behavioural models. 

While the first two points are signs of the fact that to integrate the current pedestrian 

models with cognitive extensions is a promising line of work, the last point is a key 

factor to be investigated towards the possible application of these models and 

techniques to simulate shopping behaviours. 
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