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Abstract  
Internet is a fast growing medium to get and disseminate geospatial information. It provides 

more and more web mapping services accessible by thousands of users worldwide. 

However, the quality of these services needs to be improved, especially in term of 

personalization. In order to increase map flexibility, it is important that the map 

corresponds as much as possible to the user’s needs, preferences and context. This may be 

possible by applying the suitable transformations, in real-time, to spatial objects at each 

map generation cycle. An underlying challenge of such on-the-fly map generation is to 

solve spatial conflicts that may appear between objects especially due to lack of space on 

display screens.  

In this dissertation, we propose a multiagent-based approach to address the problems of on-

the-fly web map generation and spatial conflict resolution. The approach is based upon the 

use of multiple representation and cartographic generalization. It solves conflicts and 

generates maps according to our innovative progressive map generation by layers of 

interest approach. A layer of interest contains objects that have the same importance to the 

user. This content, which depends on the user’s needs and the map’s context of use, is 

determined on-the-fly. Our multiagent-based approach generates and transfers data of the 

required map in parallel. As soon as a given layer of interest is generated, it is transmitted 

to the user. In order to generate a given map and solve spatial conflicts, we assign a 

software agent to every spatial object. Then, the agents compete for space occupation. This 

competition is driven by a set of priorities corresponding to the importance of objects for 

the user. During processing, agents take into account users’ needs and preferences in order 

to improve the personalization of the final map. They emphasize important objects by 

improving their legibility and using symbols in order to help the user to better understand 

the geographic space. Since the user can stop the map generation process whenever he finds 

the required information from the amount of data already transferred, his waiting delays are 

reduced.  
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In order to illustrate our approach, we apply it to the context of tourist web and mobile 

mapping applications. In these contexts, we propose to categorize data into four layers of 

interest containing: explicitly required objects, landmark objects, road network and 

ordinary objects which do not have any specific importance for the user.   

In this dissertation, our multiagent system aims at solving the following problems related to 

on-the-fly web mapping applications: 

1. How can we adapt the contents of maps to users’ needs on-the-fly? 

2. How can we solve spatial conflicts in order to improve the legibility of maps while 

taking into account users’ needs? 

3. How can we speed up data generation and transfer to users? 

The main contributions of this thesis are: 

1. The resolution of spatial conflicts using multiagent systems, cartographic 

generalization and multiple representation.  

2. The generation of web and mobile maps, on-the-fly, using multiagent systems, 

cartographic generalization and multiple representation. 

3. The real-time adaptation of maps’ contents to users’ needs at the source (during the 

first generation of the map).  

4. A new modeling of the geographic space based upon a multi-layers multiagent 

system architecture. 

5. A progressive map generation approach by layers of interest.  

6. The generation and transfer of web and mobile maps at the same time to users.   
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Résumé  
 

Internet est devenu un moyen de diffusion de l’information géographique par excellence. Il 

offre de plus en plus de services cartographiques accessibles par des milliers d’internautes à 

travers le monde. Cependant, la qualité de ces services doit être améliorée, principalement 

en matière de personnalisation. A cette fin, il est important que la carte générée corresponde 

autant que possible aux besoins, aux préférences et au contexte de l’utilisateur. Ce but peut 

être atteint en appliquant les transformations appropriées, en temps réel, aux objets de 

l’espace à chaque cycle de génération de la carte. L’un des défis majeurs de la génération 

d’une carte  à la volée est la résolution des conflits spatiaux qui apparaissent entre les 

objets, essentiellement à cause de l’espace réduit des écrans d’affichage.   

Dans cette thèse, nous proposons une nouvelle approche basée sur la mise en œuvre d’un 

système multiagent pour la génération à la volée des cartes et la résolution des conflits 

spatiaux. Cette approche est basée sur l’utilisation de la représentation multiple et la 

généralisation cartographique. Elle résout les conflits spatiaux et génère les cartes 

demandées selon une stratégie innovatrice : la génération progressive des cartes par 

couches d’intérêt. Chaque couche d’intérêt contient tous les objets ayant le même degré 

d’importance pour l’utilisateur. Ce contenu est déterminé à la volée au début du processus 

de génération de la carte demandée. Notre approche multiagent génère et transfère cette 

carte suivant un mode parallèle. En effet, une fois une couche d’intérêt générée, elle est 

transmise à l’utilisateur.  

Dans le but de résoudre les conflits spatiaux, et par la même occasion générer la carte 

demandée, nous affectons un agent logiciel à chaque objet de l’espace. Les agents entrent 

ensuite en compétition pour l’occupation de l’espace disponible. Cette compétition est 

basée sur un ensemble de priorités qui correspondent aux différents degrés d’importance 

des objets pour l’utilisateur. Durant la résolution des conflits, les agents prennent en 

considération les besoins et les préférences de l’utilisateur afin d’améliorer la 

personnalisation de la carte. Ils améliorent la lisibilité des objets importants et utilisent des 

symboles qui pourraient aider l’utilisateur à mieux comprendre l’espace géographique. Le 

processus de génération de la carte peut être interrompu en tout temps par l’utilisateur 
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lorsque les données déjà transmises répondent à ses besoins. Dans ce cas, son temps 

d’attente est réduit, étant donné qu’il n’a pas à attendre la génération du reste de la carte.    

Afin d’illustrer notre approche, nous l’appliquons au contexte de la cartographie sur le web 

ainsi qu’au contexte de la cartographie mobile. Dans ces deux contextes, nous catégorisons 

nos données, qui concernent la ville de Québec, en quatre couches d’intérêt contenant les 

objets explicitement demandés par l’utilisateur, les objets repères, le réseau routier et les 

objets ordinaires qui n’ont aucune importance particulière pour l’utilisateur.  

Notre système multiagent vise à résoudre certains problèmes liés à la génération à la volée 

des cartes web. Ces problèmes sont les suivants : 

1. Comment adapter le contenu des cartes, à la volée, aux besoins des utilisateurs ?  

2. Comment résoudre les conflits spatiaux de manière à améliorer la lisibilité de la 

carte tout en prenant en considération les besoins de l’utilisateur ? 

3. Comment accélérer la génération et le transfert des données aux utilisateurs ? 

Les principales contributions de cette thèse sont : 

1. La résolution des conflits spatiaux en utilisant les systèmes multiagent, la 

généralisation cartographique et la représentation multiple.  

2. La génération des cartes dans un contexte web et dans un contexte mobile, à la 

volée,  en utilisant les systèmes multiagent, la généralisation cartographique et la 

représentation multiple. 

3. L’adaptation des contenus des cartes, en temps réel, aux besoins de l’utilisateur à la 

source (durant la première génération de la carte). 

4. Une nouvelle modélisation de l’espace géographique basée sur une architecture 

multi-couches du système multiagent. 

5. Une approche de génération progressive des cartes basée sur les couches d’intérêt.  

6. La génération et le transfert, en parallèle, des cartes aux utilisateurs, dans les 

contextes web et mobile.   

 



 

Preface 
 

« Gloire à Toi ! Nous n’avons de savoir que ce que Tu nous as appris. 

Certes c’est Toi l’Omniscient, le Sage » 

«Glory to Thee! We have no knowledge but that which Thou hast 

taught us; surely Thou art the Knowing, the Wise » 

(Coran, 2:32) 
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Chapter 1  

Introduction 
In this chapter, we introduce the context of our research, which is on-the-fly map 

generation and spatial conflict resolution. We also identify the motivations, problems, and 

research questions that we address in this thesis. Finally, we present our hypotheses, 

objectives, and methodology. 

 

1.1 The context of our research   
Cartographic generalization and multi-representation  

For a long time, geospatial information was printed on paper maps whose contents were 

produced once for specific purposes and scales. These maps are characterized by their 

portability, good graphic quality, high image resolution (van Elzakker 2004) and good 

placement of their symbols and labels. Traditionally, these maps have been generated 

manually by cartographers whose work was hard and fastidious. Nowadays, thanks to 

technological advances, more and more maps appear on paper support as well on the 

display screens of computers whose sizes are often reduced. These maps are generated for 

more specific scales and purposes such as tourism, transportation, cadastral applications 

and military needs.  

Due to the lack of space, the real word cannot be expressed faithfully on computers’ 

screens. Therefore, maps are often scaled-down to fit display sizes. This operation results in 

the reduction of maps’ legibility. In order to improve legibility, many treatments must be 

applied on spatial objects. Indeed, according to screen sizes and to the scale and the theme 

of the map, many objects may need to be displaced, scaled-down or even eliminated. In 

addition, some objects need to be exaggerated in order to be kept over a certain threshold of 

visibility. Consequently, producing maps to be visualized on screens boils down mainly to 

a space planning problem. In this case, the planning aims to position the spatial objects, 

their symbols and their labels in a legible way and to maintain the existing spatial 

relationships between these objects and their spatial patterns. During this planning process, 

spatial objects may be regarded as competing for occupation of a limited space area. They 
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undergo different transformations that may range from exaggeration to displacement, size 

reduction, elimination, etc. At the end of this competition process, the amount of spatial 

data may be reduced and the information is adjusted to a given scale and theme. This 

process is called cartographic generalization (Müller 1991, Weibel and Dutton 1999). 

Cartographic generalization can also be defined as ‘the science and the art to exaggerate the 

important aspects (entities) in accordance with the purpose (thematic) and the scale of a 

particular map and the exclusion of irrelevant details that may overload the map and 

confuse its user’ (Hardy 1998).  

In addition to cartographic generalization, map production may take advantage of another 

technique based on multiple representation which consists in storing multiple 

representations of the same geographic entity under different aspects in the same system 

(Timpf and Devogele 1997). These representations may result from the different 

perceptions that an observer has of a given spatial object when he changes his reference 

point. They may also result from the different semantics that any spatial object may have 

(e.g. a given object may be considered as a building, a hotel or a restaurant).  

 

Automatic cartographic generalization and web mapping  

Cartographic generalization is a holistic process due to its subjective nature (Cecconi 2003) 

and the lack of well-defined rules to guide decision making (Bader 2001). Thanks to new 

technological advances in development standards and information storing and handling, the 

complexity of this process has diminished. Nevertheless, it remains hard and time- and 

resource- consuming. New techniques are consequently needed to shorten the time 

necessary to easily and rapidly produce new data for visualization purposes. In order to 

reach this goal, many research works have attempted to propose solutions to the automatic 

cartographic generalization problem (Cecconi and Weibel 2002, Ruas 1999, Lamy et al. 

1999, etc.) which represents an important research field especially in the context of the 

web. Indeed, since the rise of Internet, more and more maps are produced in order to be 

displayed on computer screens. Numerous providers took advantage of the accessibility, 

actuality and popularity of Internet to provide different web mapping services for different 

needs such as positioning, tourism, transportation management, emergency and military 

applications. Nowadays, demands for on-line maps are increasing worldwide. Users around 
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the world are requesting more personalized maps that meet their needs, preferences and 

contexts. These maps must adapt to the characteristics of the visualization medium and 

have to be generated in a short time.   

 

GEMURE and SIGERT projects  

In addition to a complete solution for automatic cartographic generalization, we need 

efficient approaches to model and retrieve spatial data in order to provide maps over the 

web. Indeed, thanks to technological facilities, such as satellites, data are increasingly 

available. However, the huge quantity of available data neither always attracts users, nor 

always matches their requirements (Meng 1997). Consequently, it is important to determine 

what are the relevant datasets to be retrieved from existing databases, considering users’ 

requirements. This process may be alleviated with a better understanding of what most 

interests a user in a given map. It may be alleviated, too, with an off-line organization of 

spatial data according to specific themes (e.g. tourism, transportation, etc.). In this context, 

the GEMURE1 project, funded by GEOIDE2, started in April 2002 with the aim to develop 

new methods and tools that combine the use of cartographic generalization and multiple 

representation in order to facilitate the production of cartographic data according to users’ 

demands. Within the scope of the GEMURE project, different heterogeneous data sources 

are merged into a single data warehouse from which new specialized databases (datamarts) 

can be derived (Figure 1.1). These databases, which are dedicated to specific uses such as 

tourism, military application, and transportation, should ease the creation of new maps. In 

December 2003, our computing cognitive research group at Laval University started 

SIGERT3, a GEMURE’s subproject which aims to create software tools to facilitate the 

creation of personalized maps for web and mobile tourists. In the scope of the SIGERT 

project, we are interested by the use of datamarts in order to generate maps automatically. 

But, we do not aim to create maps in advance. Our goal, instead, is to generate and to adapt 

these maps to users’ needs in real-time.   

 

 

                                                 
1 GEMURE: GEneralisation and MUultiple REpresentations for On-Demand Map Production and Delivery  
2 GEOIDE: the Canadian Network of Centres of Excellence in Geomatics 
3 SIGERT : stands for the French acronym of intelligent system for management of recreo-tourist spaces  
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Figure 1.1 GEMURE data warehouse architecture (GEMURE 2005) 

 

On-the-fly map generation  

Up to now, the main approach used to provide maps over the web consists in retrieving and 

displaying preprocessed data from a database stored on a specific server. This approach 

does not provide good maps since their quality diminishes when the scale is reduced. 

Furthermore, this approach lacks flexibility with respect to users’ needs and contexts since 

maps have been designed for specific purposes with fixed scales and themes. Therefore, 

new strategies are required in order to improve the personalization of maps. These 

strategies have to generate the required maps in acceptable times with respect to users’ 

expectations. When users do not expect maps immediately, the web mapping service is said 

to be on-demand. However, when they claim maps immediately, the generation of these 

maps must be done in real-time. In this case, the web mapping service is said to be on-the-

fly.  

 

On-the-fly map generation is a time-critical process which can be defined as the real-time 

creation of maps upon user’s request and according to specific scales and goals. It may be 

implemented by two fundamental approaches. The first approach relies on the retrieval of 
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pre-processed datasets from databases which contain data at different scales. This approach, 

which is widely used, enables to provide maps in real-time, but it lacks flexibility. The 

alternative approach consists to apply a cartographic generalization process on data in real-

time. This approach is more flexible than the first one. However, it is much more time-

consuming. To our knowledge, there is no web mapping service currently based on such an 

approach.  

 

The spatial conflict problem  

As mentioned before, the legibility of maps often diminishes in relation to the reduction of 

the scale when they are displayed on screens (Figure 1.2). In order to improve this 

legibility, some spatial objects need to be displaced, scaled-down or eliminated. On the 

other hand, sizes of other objects and symbols may be exaggerated in order to be kept over 

a minimal size which depends on the display resolution. These transformations of spatial 

objects may create spatial conflicts problems when certain objects and/or symbols overlap. 

These problems complicate the on-the-fly map generation process which has to determine 

which objects to represent on the map, how to represent them and how to place them.  

Spatial conflicts have been addressed by several research works (Mackaness 1994, Ruas 

1998, Wilson et al. 2003, Ware et al. 2002, Harrie 1999, Maozhen et al. 2002, Duchêne 

2003, Ware et al. 2003, Ruas 1999). However, in spite of the intensity of the research 

works in this domain, no complete solution is yet available.  

 

 

 

 

 

  

  

 

 

Figure 1.2 Spatial conflict and decrease of map legibility further to scale reduction 
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1.2 Motivations 
In order to improve the personalization and the usability of web-based maps, servers need 

to generate maps on-the-fly for web applications. This goal can be met if several problems 

relating to user’s preferences and context as well to spatial data modeling, handling and 

visualization are overcome. Many research works addressed different topics related to real-

time map generation such as automatic cartographic generalization (McMaster and Shea 

1998, Buttenfield and McMaster 1991, McMaster 1991, Weibel 1991, etc.), automatic map 

generation (Brassel and Weibel 1988, Mackaness 1997, etc.), spatial data modeling and 

handling (Brown et al. 2005, Lema and Gutting 2002, Ruas and Lagrange 1995, etc.), map 

personalization and visualization (Cecconi et al. 1999, Cecconi and Galanda 2002, 

MacEachren and Kraak 2001, Harrie et al. 2002, etc.) and spatial conflict resolution (Ruas 

1999, Wilson et al. 2003, Harrie 1999, Maozhen et al. 2002, Duchêne 2003, Ware et al. 

2003, etc.). These research works proposed different approaches such as the rule-based 

approaches (Nunes et al. 2003, Sester and Klein 1999, Müller 1990, Nickerson and 

Freeman 1986) and object-oriented approaches (Buttenfield 1995). Other research works 

(Duchêne 2003, Lamy et al. 1999, Baeijs 2000, Ruas 1999) tackled different topics related 

to real-time map generation using multiagent systems which provide several advantages 

highlighted by several researchers (Lamy et al. 1999, Jabeur et al. 2003, Galanda and 

Weibel 2002) such as flexibility, autonomy and modularity. A multiagent system is 

composed of software entities also called agents. Every agent is able to act autonomously 

in its environment in order to reach its goals. Furthermore, agents interact with each other 

in order to solve problems which they are not able to solve individually. From a map 

generation process point of view, agents can be assigned to spatial objects. In this case, 

their interaction enables to model the whole process of automatic cartographic 

generalization during which objects are added, merged, symbolized or eliminated (Lamy et 

al. 1999).        

Current on-the-fly web mapping services still lack flexibility and need new facilities and 

approaches to better support users’ requirements, preferences, and contexts. Thus, our first 

motivation in the GEMURE project, including this thesis, was to provide a new approach 

that may improve the personalization and the usability of maps by adapting their contents 

to users’ needs in real-time. This approach, which combines the use of multiple 
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representation and cartographic generalization, emphasizes the most important objects for 

the user during map generation. This combination represented our second motivation since 

we were convinced that multiple representation may be used to overcome some complex 

aspects of cartographic generalization and shorten the extra-time they may take.  

The combination of multiple representation and cartographic generalization to provide on-

the-fly maps is quite rare. To our knowledge, this combination is only used in the SIGERT 

project4 (Gbei et al. 2003) to provide real-time web and mobile maps and in the GiMoDig5 

project (GiMoDig 2005) to provide real-time mobile mapping services. Thus, our third 

motivation was to propose a new approach based on multiagent systems as well as the use 

of multi-representation and cartographic generalization in order to generate on-the-fly 

personalized maps and particularly to solve spatial conflicts.  

Furthermore, due to the additional processing delays needed to adapt the contents of maps 

to users’ needs, users’ waiting time will likely grow before getting the required maps. 

Hence, our fourth motivation is to find a solution that enables to shorten users’ waiting 

time. This solution should be independent of technical constraints such as connection 

bandwidth and processors’ speed.    

1.3 Problems and research questions  
The first problem that we address in this thesis is the lack of flexibility in current web 

mapping services. Indeed, up to now the main approach used to provide maps over the web 

consists in retrieving and displaying pre-processed data from existing databases stored on 

specific servers. This data does not always match the users’ requirements since maps have 

been typically designed off-line for a specific purpose with fixed scales and themes. 

Therefore, facilities are required to process data in real-time so that the provided maps will 

be better personalized. Hence, our first research question is how can we adapt the contents 

of maps to users’ needs on-the-fly?  

In order to answer our first research question, we need to be able to generate automatically 

the required maps. An underlying problem of this challenging task is to solve spatial 

conflicts that may occur between spatial objects as well as between symbols and objects. 

These conflicts may diminish the legibility of maps whose users may be confused. Since 

                                                 
4 The SIGERT project represents the practical context of this thesis  
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we are convinced that the resolution of this problem must be purpose-driven, our second 

research question is how can we solve spatial conflicts so that to improve the legibility of 

maps while taking into account users’ needs? 

In addition to a lack of flexibility, web maps must be provided in a short time with respect 

to users’ expectations. In the context of on-the-fly web mapping services, maps are 

expected to be generated and transferred in few seconds. However, since real-time 

cartographic generalization is time-consuming and connexion bandwidth may not be large 

enough to transfer the whole spatial data, we need an approach that enables us to reduce 

users’ waiting delays. Some authors (Buttenfield 1999, 2002, Bertolotto and Egenhofer 

2001) proposed a progressive vector data transmission to reduce these delays. This 

approach makes a better use of the connexion bandwidth. However, it obliges users to wait 

until they get the whole data in order to understand the map. Therefore, our third research 

question is how can we speed up data generation and transfer to users?  

Furthermore, in current mapping systems, human intervention is still required in order to 

conduct the automatic map generation process. Since we intend to adapt the contents of 

maps in real-time to users’ needs, it is necessary to have an approach that enables to avoid 

human intervention. Consequently, our fourth research question is how can we avoid 

human intervention in order to fully automate the generation of required maps?  

1.4 Objectives  
In this thesis, our main objectives are: 

1. To propose an approach that enables a system to generate and adapt maps to users’ 

needs on-the-fly. This approach, based on cartographic generalization, multiple 

representation and multiagent systems, must take into account users’ needs, preferences and 

contexts while processing spatial data in real-time so that to improve the flexibility and the 

usability of web-based maps.  

2. To propose an approach that enables us to solve spatial conflicts that may occur when 

spatial objects and symbols overlap. This approach has to emphasize the most important 

data that interests users. It has also to overcome as much as possible some complex aspects 

of automatic cartographic generalization.   

                                                                                                                                                     
5 http://gimodig.fgi.fi/  
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3. To improve the flexibility and usability of current web maps.  

4. To propose an approach that enables to speed up real-time generation of maps and to 

reduce users’ waiting time to get the required maps. 

1.5 Methodology  
Our research methodology is summarized in Figure 1.3. At the beginning of this thesis, we 

investigated the existing web mapping services. We analysed the approaches they are based 

on, their strengths and their weaknesses. We noticed that the legibility of web-based maps 

diminishes when these maps are scaled-down in order to fit the reduced sizes of screens. 

We also noticed that the current web-based maps should be better personalized. Therefore, 

we emphasized the need of facilities that enable web mapping applications to adapt the 

contents of maps to users’ needs in real-time and consequently to increase their usability.  

In order to improve the quality of the current on-the-fly web-based maps, we looked for the 

causes of their drawbacks as well as for the possibilities to generate these maps in real-

time. Our investigations resulted in the identification of the main constraints of on-the-fly 

web mapping services which range from users’ constraints (e.g. needs, preferences, 

contexts and spatial reasoning and cognition) to technical constraints (e.g. transfer rate and 

time, and visualization medium characteristics), spatial data constraints (e.g. data 

modelling, availability and retrieval) and spatial processing constraints (e.g. automatic 

cartographic generalization, objects legibility and objects overlap). 

Due to the large number of constraints identified and to the time-consuming character of 

spatial processing, we identified the need to prioritize the issues to be tackled for automatic 

map generation. We were particularly interested in solving spatial conflicts. Hence, we 

studied the existing approaches of spatial conflicts resolution. In addition to the lack of any 

complete solution, we noticed that these approaches are generally based on specific spatial 

transformations (also called cartographic generalization operators, such as displacement 

and amalgamation) which are applied to spatial objects. We also noticed that these 

approaches do not take explicitly into account users’ preferences, requirements and 

contexts. At this step, many questions have arisen: what is the appropriate approach to 

solve spatial conflicts? How can we personalize the contents of maps while solving these 
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conflicts? What is map personalization and how do we define users’ needs for 

customization? How can we automate spatial conflicts resolution and later map generation? 

Is it possible to use the spatial conflict resolution approach in order to reduce the time 

required to generate and transfer maps?   

In order to answer these questions, we investigated several research tracks and proposed 

different solutions to solve spatial conflicts and to generate maps on-the-fly. At the end of 

our theoretical research, we retained a multiagent-based approach which makes use of 

cartographic generalization and multiple representation. Our approach aims at better 

personalizing the contents of maps since it emphasizes the most important objects with 

respect to users’ queries. Our approach also enables to speed up spatial conflicts resolution 

and map generation by the use of multiple representation which helps overcoming the 

complexity of some cartographic generalization aspects and the extra-time that they may 

take, thus adhering to the GEMURE philosophy. Furthermore, our approach proposes a 

new way to provide maps to users. Indeed, current systems are based on two fundamental 

approaches: the transfer of the whole map to the user or the transfer of the map using a 

progressive vector data transmission. The first approach may take a lot of time with respect 

to on-the-fly acceptable generation times. The second approach may oblige the user to wait 

until the whole map is downloaded. The approach we propose in this thesis consists in the 

progressive generation of data according to its importance to the user, then in its 

progressive transfer to this user. As soon as an amount of data is downloaded on the user’s 

terminal, it is superposed on the data already transferred. Using our approach, users can 

understand the map and find the information they are looking for without necessarily 

waiting the end of data download. Hence, they may stop the data transfer and generation as 

soon as they find the required information in the amount of data already transferred.  

At the end of our thesis, we applied our multiagent-based approach to the generation of 

tourist web maps. We also applied our approach to the generation of tourist maps to mobile 

users. During the progress of our research work, new challenges related to the on-the-fly 

map generation process occurred. In order to deal with these challenges, new theoretical 

investigations were necessary and some updates of our solution were carried out.  
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Figure 1.3 Spatial Summary of our research methodology which is composed of 5 steps: diagnosis 
of the existing, analysis, design, implementation and tests. 

 

Investigation of current on-the-fly WMG approaches 

  - Study of existing approaches of on-the-fly WMG
  - Identification of main problems 

Improvement of the understanding of WMG problems

   - Identification of on-the-fly WMG constraints 
   - Prioritarization of constraints and problems to be tackled 

Investigation of current SCR approaches

  - Study of the state of the art on SCR 
  - Study of existing approaches for label/text placement 
  - Identification of the main challenges of SCR
  - Identification of the solution to be proposed  

Modeling and enrichment of spatial data

  - Support of multiple representations  
  - Pre-processing of information necessary to solve conflicts    

Modelling the geographic space with MAS

  - Identification of features to be modeled as agents 
  - Identification of the architecture of the MAS 
  - Identification of agents’ communications

Data generation approach

  - Categorization of spatial data 
  - Handling of spatial data   
  - Transfer of spatial data  

Technological choices 

  - Jade for the development of the MAS
  - Java for the implementation of spatial processing 
  - GML for the storage of spatial data    
  - SVG for the visualization of spatial data  

Implementation

  - Enrichment of spatial data and its storage in GML files 
  - Implementation of the MAS
  - Transformation of GML files into SVG files

Tests

  - Test of our prototype 

Validation 

  - Study of the state of the art on map quality assessment  
    approaches
  - Evaluation of our results  

Diagnosis of  
the existing  

Analysis  

Design  

Implementation  

Tests  

1. Spatial conflict resolution  
2. Adaptation of maps’ contents on-the-
fly   
3. Improvement of map personalization

MAS approach based on the used of 
cartographic generalization and multiple 
representation    

Improvement of map personalization 
using multiple representation     

Generation and transfer of data 
while focussing on objects which 
are important to the user     
Speed up of WMG 

Use of MAS in order to solve spatial conflicts, 
adapt maps’ contents to users’ needs, and 
improve on-the-fly WMG flexibility 

Legend  
WMG: Web Map Generation  
MAS: Multiagent System 
SCR: Spatial Conflict Resolution
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1.6 Overview of the dissertation   
This thesis is composed of seven chapters. 

 

Chapter 2 is about the state of the art on on-the-fly web mapping. It presents research 

works done in the context of cartographic generalization, multiple representation, web 

mapping and on-the-fly map generation. The purpose of this chapter is to identify the 

strengths and the weaknesses of current web-based map applications and to determine the 

issues to be tackled in this thesis.  

Chapter 3 is devoted to spatial conflict problems that may occur during the map generation 

process. It presents the research works that addressed these problems and discusses their 

efficiency.  

Chapter 4 describes our spatial data modeling and generation approach. It presents how 

spatial data is modeled in order to support multiple representation and to alleviate data 

retrieval. It also presents our innovative map generation approach that consists in a 

progressive generation and transfer of data according to its importance for the user.  

Chapter 5 describes our multiagent-based approach to solve spatial conflicts and to 

generate required maps on-the-fly. We show how our software agents interact and behave 

in order to generate the required maps.  

Chapter 6 is devoted to the presentation of the results of our approach. It also presents the 

evaluation of these results according to some important criterions identified in existing map 

quality evaluation approaches. 

In Chapter 7 we conclude this thesis by summarizing our contributions and identifying 

directions for future works.  
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Chapter 2  

State of the art on on-the-fly web mapping  
 

In this chapter, we introduce the context of our research, which is on-the-fly map 

generation and spatial conflict resolution. We also identify the motivations, problems, and 

research questions that we address in this thesis. Finally, we present our hypotheses, 

objectives, and methodology. 

As mentioned in Chapter 1, one of the main objectives of this dissertation is to propose an 

approach that enables us to solve spatial conflicts and generate web maps, on-the-fly, in a 

web context. This approach should improve the personalization of web maps and speed up 

their generation. On the way of developing such an approach, we first need to understand 

the process of on-the-fly web map generation and look through research works that 

addressed this process as well as related topics such as cartographic generalization, multiple 

representation and web mapping. We also need to review research works that addressed 

spatial conflicts that may occur during the generation of maps, especially because display 

screens are reduced in the case of web-based map generation.   

In this chapter, we present research works done in the context of cartographic 

generalization, multiple representation, web mapping, and on-the-fly map generation. We 

identify the strengths and weaknesses of current, web-based map applications and we list 

some important issues to be addressed in this dissertation. We will present the literature 

review on spatial conflict resolution in Chapter 3.   

2.1 Cartographic generalization   

2.1.1 Definition   
A map expresses a geographical reality, according to a specific scale and purpose. This 

reality cannot be accurately represented when the scale of the map is reduced. Indeed, scale 

reduction often diminishes the map’s legibility which then requires some modifications in 
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order to be improved. The process, during which these alterations are applied, is commonly 

known as cartographic generalization when intended to produce data for cartographic 

visualization (Bader 2001). 

More explicitly, cartographic generalization can be defined as the simplified representation 

of details, according to the scale and goals of the map (ICA 1973). It can also be defined as 

the science and art of exaggerating the important aspects (entities), in accordance with the 

purpose6 and scale of a particular map, with the exclusion of irrelevant details that may 

overload the map and confuse its user (Hardy 1998). 

Cartographic generalization aims to produce a good map, balancing the requirements of 

accuracy, information content, and legibility (Cecconi 2003). During this process, logical 

and unambiguous relationships between map objects must be maintained, while aesthetic 

quality is preserved (Weibel and Dutton 1999).  

2.1.2 Cartographic generalization operators  
Cartographic generalization is a very complex process. In order to reduce its complexity, 

the overall process is often decomposed into individual sub-processes, called operators 

(Lichtner 1979, McMaster and Shea 1992). Each operator defines a transformation that can 

be applied to a single spatial object, or to a group of spatial objects.  

Despite the frequent use of operators worldwide, there is no general agreement neither on 

the number, nor on the terminology used to describe these operators (Rieger and Coulson 

1993). Several classifications have been proposed, with a varying number of operators 

(Robinson et al. 1995, McMaster and Shea 1992, Beard 1987, Weibel and Dutton 1999, 

Ruas and Lagrange 1995). The following example (Figure 2.1), gives a classification of 

generalization operators proposed by ESRI (ESRI 1996): 

 

 

                                                 
6 The purpose of the map is related to the ‘themes’ which are used to display the cartographic entities.   



 16
 

• Elimination  

This operator eliminates various geographic objects because of their small size or lesser 

importance with regards to the map’s theme (e.g. elimination of small islands, elimination 

of short streets).  

• Simplification  

This operator eliminates unnecessary details of a given spatial object, without distortion of 

its original shape (e.g. elimination of curved lines). 

• Aggregation  

This operator merges nearby and adjacent objects into a new, single object (e.g. the 

merging of nearby small lakes into a single lake).  

• Size reduction 

This operator reduces the size of a given geographic object.  

• Typification  

This operator reduces the density of spatial objects, as well as their levels of detail. 

Meanwhile, it preserves the representative distribution pattern of these objects. 

• Exaggeration  

This operator increases the spatial extension of the geometric representation of a given 

object, in order to focus on its importance, and to improve its legibility.  

• Classification and symbolization 

This operator combines items that share similar geographic attributes into a new object, 

which in turn has a higher level of abstraction, in addition to a new symbol.  

• Displacement 

This operator is used to move objects in a map in order to maintain the limits of separation 

between them.  

• Refinement  

This operator alters and adjusts the geometry and appearance of an object in order to 

improve its aesthetic visual aspect and to ensure its compatibility with reality (e.g. 

performing the smoothing of a given line, modification of the orientation of some symbols).         
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Figure 2.1 (a) Elimination, (b) Simplification, (c) Aggregation, (d) Size reduction, (e) Typification, 
(f) Exaggeration, (g) Classification and symbolization, (h) Displacement, (i) Refinement 

 

An operator defines a transformation that can be applied to spatial data. Since this 

transformation depends upon the data model (e.g. raster or vector data), and on how it will 

be used, several algorithms may implement the same operator. For example, various 

algorithms have been developed for simplification (Reumann and Witkam 1974, Lang 

1996, Douglas and Peucker 1973, Cromley and Campbell 1992), selection (Töpfer and 

Pillewizer 1996, Ruzak Mazur and Castner 1990, Thompson and Richardson 1995, Ruas 

1999), and displacement (Lichtner 1979, Mackaness 1994, Roberts 1997, Jones et al. 1995, 

Ruas 1998, Bobrich 1996, Nickerson 1998, Bader and Weibel 1997, Lonergan and Jones 

2001). Furthermore, several algorithms are generic, while others have been developed for 

specific types of data, such as buildings or roads (Cecconi 2003). Therefore, the choice of 

the suitable algorithm for each operator is important in order to make the best 

transformation on a given set of spatial data. This choice is usually done empirically. 

However, it may be based upon the efficiency and accuracy expected from the cartographic 

generalization process (McMaster and Shea 1992).  

 

(a) (b) (c) 

(d) (e) (f) 

(g) (h) (i) 



 18
 

2.1.3 Cartographic generalization requirements and constraints  
Cartographic generalization is a holistic process due to its subjective nature (Cecconi 

2003), and the lack of well-defined rules to guide decision-making necessary to compensate 

for the visual problems (Bader 2001). During this challenging process, it is important to 

understand why to generalize, when to generalize, and how to generalize, in order to choose 

and apply the relevant operators to spatial objects (McMaster and Shea 1992). These 

operators differ in terms of accuracy, quickness, and complexity.   

The relevance of generalization operators depends upon certain design specifications, to 

which a solution should adhere. These specifications are constraints (Weibel and Dutton 

1998) that cartographers must deal with. Constraints are relating to the accuracy, scale, and 

purpose of the required map, as well to its visualization medium. For example, when a map 

is generated for touristic use, priority is given to semantic map’s content. This type of 

content does not necessitate the application of complex operators that offer high geometric 

accuracy. On the other hand, such operators may be required when a map is generated for 

cadastral or for military use. Moreover, constraints are also relating to the handling of 

spatial objects’ legibility (perceptible threshold of objects), shapes, spatial relationships 

(positioning objects one to another) and semantics (Ruas and Plazanet 1996, Weibel and 

Dutton 1998). Given the fact that it is difficult, even impossible, to meet all constraints 

during cartographic generalization (Bader 2001), it is important to identify those that are a 

priority with respect to the purpose and scale of the map. Then, evaluating all the 

restrictions that are met allows a cartographer to assess the quality of the final solution 

(Ruas and Mackaness 1997, Ruas 1999).  

The choice of relevant operators, and their suitable implementation algorithms, is not 

sufficient to carry out a successful cartographic generalization. Indeed, the sequence of 

cartographic generalization operators to apply to spatial objects is important since some 

constraints may be solved by one operator and then reappear following the application of 

another operator (Figure 2.2). The identification of the best sequence of operators is another 

challenge for cartographic generalization (Ruas 1999, Cecconi 2003, Bader 2001).  
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Figure 2.2 Influence of the sequence of operators on generalization results 

2.1.4 Cartographic generalization strategies   
As previously mentioned, cartographic generalization is a challenging process that requires 

noteworthy cartographic and artistic skills by its specialists, cartographers. It also requires 

fastidious and costly effort for the creation of new generalized data. In order to master this 

process, several cartographic generalization strategies were proposed (Cecconi 2003): 

• Process-oriented strategy   

The generalization process results from the derivation of new data, in real-time, from a 

single detailed database. This derivation is done with respect to the scale and theme of the 

required map (Weibel 1997). Only partial solutions exist with this strategy due to the 

complexity of the generalization process (Cecconi 2003). 

• Representation-oriented strategy  

This strategy consists in the development of a multi-scale database that encompasses maps 

at different fixed scales. This strategy avoids the complexity of the cartographic process. 

However, it introduces problems linked to the maintenance of the database and 

inconsistencies between the different scales.  

 

Displacement Elimination Size reduction  

Size reduction  
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• Derivation-oriented strategy  

This strategy consists in the development of a multi-scale, database set by applying an off-

line generalization process on a single detailed database.   

• Representation and process-oriented strategy   

The main idea of this approach is to combine the use of a multi-scale database with the 

application of a generalization process, into one system in order to obtain the required data.  

2.1.5 Automatic cartographic generalization  
Traditionally, a cartographer used to carry out a manual cartographic generalization on an 

existing map in order to create a new one. This manual work is known to be complex and 

fastidious. However, during the last thirty years, technological advances have encouraged 

research on automatic cartographic generalization in order to easily and rapidly derive new 

maps, and therefore diminish the hard work of cartographers. This research can be 

associated with three principal eras (Kilpelaïnen 2000a). Throughout the first (1960-1975), 

studies focused on the development of algorithms in order to implement different 

cartographic generalization operators (Ramer 1972). Next, the 1980s, researchers examined 

both the effectiveness of existing algorithms, as well as design aspects (McMaster and Shea 

1998). Finally, since 1990s, the third era has been marked by the use of artificial 

intelligence techniques for the design of knowledge-based systems (Buttenfield and 

McMaster 1991, McMaster 1991, Weibel 1991), as well as the use of neural networks 

(Allouche and Moulin 2001), genetic algorithms (Wilson et al. 2003), and multiagent 

systems (Ruas 1999, Mahozen et al. 2002, Lamy et al. 1999).  

Even now, human intervention is necessary during automatic cartographic generalization, 

in order to verify and/or correct, when necessary, unsatisfactory results, and to help the 

system make the best processing choices. Therefore, a feasible and effective solution for 

complete automatic cartographic generalization is not yet available, in spite of extensive, 

worldwide, generalization research (Kilpelaïnen, 2002a). Failure to find such a solution can 

be explained by the following reasons: 
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• The holistic nature of cartographic generalization  

Cartographic generalization is a holistic process that stands halfway between art and 

science. It is considered to be one of the most difficult tasks of cartographers (Kilpelaïnen, 

2002).  

• The lack of meta-methods  

The applicability, limitation and parameter setting of a method belong to a type of meta-

method, which is very important, in particular, when real-time generalization is necessary 

(Meng 1997).   

• Insufficient knowledge formalization  

Spatial data handling is inspired by cartographers’ intellectual and cognitive processes, 

which are difficult to automate (Rigaux 1994, Plazanet 1995). Expert cartographers admit 

themselves that they find it difficult to rationalize their decisions into a set of formalized 

rules (Müller et al. 1995). 

• The iterative character of cartographic generalization 

Generalization is an iterative process, extremely difficult to model (Scholl and al. 1996). In 

fact, the application of a given operator may solve some problems, while generating new 

ones. Therefore, the sequence of operators to be applied to spatial objects must be carefully 

chosen. Moreover, existing algorithms that implement these operators are often effective 

only to process specific classes of objects (Bernier 2002). 

• The lack of cognitive and temporal considerations in generalization methods 

In order to accurately represent the reality during cartographic generalization, it is 

important to pay special attention to the context of map generation (Meng 1997). Indeed, 

inability to adequately define and to exploit the notion of context made deficient the efforts 

to integrate specific generalization tools into operational and automated systems (Edwards 

1997). Furthermore, in order to improve the contents of maps, it is important to consider 

users’ abilities to interpret these maps (Meng 1997). 

• The lack of objective evaluation of computer generalized data 

Cartographic generalization aims to create a legible map, consistent with the display space, 

resolution of display media, and requirements of the map’s users. In order to assess the 

map’s usability, we should determine whether or not the map meets the purposes for which 
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it was generated. In this case, the evaluation of automatic cartographic generalization 

results should be purpose-driven (Meng 1997).  

• The lack of hardware capabilities  

Processing done during automatic cartographic generalization requires more powerful 

processors than those presently available that often take extra time when they generalize 

data (Martel 1999, Vangenot 1998). 

 

2.2 Multiple representation  

2.2.1 Definition  
From a given reference point, an object is physically perceived by everyone in the same 

way. This perception results in a specific geometric representation of the object, which may 

change if the reference point changes. Consequently, any spatial object can have different 

geometric representations. Nevertheless, what everyone perceives in the same manner can 

still be interpreted differently. Interpretation may vary according to the observer’s profile, 

context, cultural background, and reasoning abilities. Therefore, any given spatial object 

may have multiple interpretations. These interpretations, which are not always common to 

everyone, are the semantics of the spatial object.   

The geometric and semantic interpretations of a given spatial object are a part of its 

multiple representations. The fact of storing several representations of the same object in 

the same database is called multiple representation (Bernier 2002). The representations 

stored in the database express the interpretation of the spatial objects by the mapping 

service provider (Bédard 1986).  

The first works related to the notion of multiple representation are those derived from the 

artificial intelligence domain. Minsky (1975) proposed multiple perceptions within a 

knowledge-based representation system. This proposition was realized by the KRL 

language (Bobrow and Winograd 1977) that represented an entity according to different 

reference points called perspectives. 
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2.2.2 Parameters of multiple representation 
Several parameters may influence the representation of phenomena in the real world. These 

parameters are essentially: time, the reference point, and the level of detail or resolution 

that determines the geometric aspects of phenomena (Vangenot et al. 2002). The reference 

point enables the mapping service provider to determine the information which is relevant 

to a given group of users.   

Every representation of the real world is also a simplified description of this world since the 

description only contains a subset of the real world’s phenomena. This description is also 

called an abstraction. Moreover, it does not describe all properties of this subset of 

phenomena, in addition to storing only an approximation of their true values (Vangenot et 

al. 2002). The term representation covers several category levels, such as the conceptual 

level (passage from the real world into an abstract representation of this world), the internal 

level (passage from the abstraction of the conceptual level into an internal representation in 

a machine) and possibly the external level that corresponds to the reproduction of the final 

information for a specific usage category (Devogele et al. 2002). 

Information systems provide numerous examples, in which experts describe their 

perceptions, opinions, and interpretations of observed phenomena. For example, a bridge 

may first be seen as a district project by the authorities. Next, it may be represented by a 

geometric figure by a geometrician followed by a representation as a model by an architect, 

and finally, transformed into a physical entity by a builder (Devogele et al. 2002). 

2.2.3 Multiple representation of the geographic information  
In GIS, the geographic data represents abstractions of the phenomena of the real world. 

Geographic data is located or geo-referenced in a given space, and is described, for 

example, by its geometry (the set of locations in the space), its semantic or descriptive data 

(name, entity type, etc.), and its topological relations with other entities (inclusion, 

adjacency, etc.) (Devogele et al. 2002). Furthermore, a spatial object may be associated 

with three categories of multiple representations (Martel 1999): a geometric multiplicity 

(different shapes and positions), a graphic multiplicity (different symbols), and a semantic 

multiplicity (different interpretations) (Figure 2.3). Managing these multiplicities is a 
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difficult task. Its primary challenges are related to the storage, handling, and update of the 

different representations of objects. 

 

 

 

 

 

 

 

 

Figure 2.3 Multiple representations of the object Hotel 

 

Several representations exist regarding the same data of the real world at various scales, 

according to different themes, and in distinct times. The use of these representations is done 

according to several criteria, such as circumstantial use (tourism, transportation, military, 

etc.), information density in the considered space (a driver may use a map whose scale is 

1:10 000 in a city and a map whose scale is 1:100 000 in a rural area), the category of user 

(the map scale of a pedestrian must be greater than that of a driver), to what degree the area 

is interesting (the military needs detailed information about a conflict zone in order to plan 

an intervention, and needs, fewer details about a large area in order to manage the 

displacement of troops), the required date, and the distances between objects to be 

visualized.  

2.2.4 Different types of multiple representation 
Multiple representation can be categorized into two fundamental types (Devogele et al. 

2002): multiple representation at a constant scale and multiple representation at multiple 

scales. Multiple representation at a constant scale, may store the spatial data in a raster 

mode, or in a vector mode7. In order to not record both representations modes, several 

algorithms have been proposed to convert a representation from one mode to the other 

mode (see Guntger 1989, Egenhofer et al. 1989). Furthermore, spatial information is often 

Hotel H Building, Private Building, Hotel 

Object: Hotel 

Semantic representation Geometric representation Graphic representation 
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organised as layers in spatial databases. Every layer describes a subset of the real world. 

This technique is efficient to store and handle spatial data. Data of the same layer are 

topologically linked and may share their geometry. However, generally, there is no relation 

between layers. In this case, every layer has its own individual classes and data. Generally, 

a layer is used for a particular theme, such as a road network and ground occupation. 

Several selections of some layers enable people to have different views of the real world 

(Devogele et al. 2002). 

The use of multiple representations at a single scale does not provide enough details about 

spatial data. However, the use of multiple representations at multiple scales provides 

additional information related to changes in accuracy, and geometric and semantic 

resolutions. In fact, the scale change may result in the modification of objects’ geometries, 

sizes, and/or values (Figure 2.4). The scale change may also result in the suppression of 

objects, their aggregation or even transform the structure of a group of objects by 

simplifying it. This simplification preserves the global expressivity of the group, but 

reduces its cardinality (Devogele et al. 2002).  

 

 

 

 

 

 

 

 

 

Figure 2.4 Modification of geometry due to a scale change (Devogele et al. 2002). 

 

Data can be stored in a spatial database as multiple layers, each of which portrays a specific 

representation of the real world. The use of these layers, which have no relationships, may 

be controlled by the use of specific rules according to the display scale (Devogele et al. 

2002). Data can also be stored as an arborescent graph with no cycle, as proposed in several 

                                                                                                                                                     
7 See chapter 4 for details about raster and vector modes  

 

Modification of a lake geometry 
due to a scale change 

Modification of a building geometry 
due to a scale change 



 26
 

papers (e.g. Jones 1991). In this arborescent structure, relationships between objects of 

different representations are maintained thanks to mathematical structures. This type of 

storage enables one to establish up a hierarchic structure between representations of 

different scales.     

2.2.5 Outline of research works on multiple representation   
Many research projects have addressed multiple representation in multi-scale databases, in 

which every object has different representations at different scales. In these databases, an 

object has a detailed representation at a high scale, as well as a simplified representation at 

a low scale. This approach reduces the complexity of multiple representation, but does not 

solve it. Some authors proposed to use hierarchical structures in order to manage objects’ 

geometries that change according to scale (Francalani and Pernici 1994, Jones 1991, Timpf 

1998), while authors (Van Oosterom and Schenkalaars 1993, 1996) proposed to use a tree 

structure. This approach uses a spatial index, in addition to a hierarchical structure that 

distinguishes the different representations of an object according to scale. Furthermore, in 

the context of the MurMur project (Spaccapietra and al. 2000), objects are managed at 

different spatial and semantic resolution, and at different moments. This project aims to 

provide an enriched spatial and temporal model, along with associated languages that allow 

(i) to associate numerous representations to a given object, (ii) to define topological and 

temporal relations that may vary according to spatial resolution and temporal changes, and 

(iii) to describe and query the objects and their attributes at different levels of semantic and 

spatial resolution.  

In order to better support multiple representation in spatial databases, Bédard et al. (2002) 

proposed the vuel concept. The vuel (which stands for View Element) concept is used to 

structure a spatial database in order to support geometric, graphic and semantic 

multiplicities. It is also used to describe the same reality according to different points of 

view and according to several levels of abstraction. The vuel concept represents the 

elementary component of a spatial database in a similar way as a pixel which represents the 

elementary component of a numeric image (Bernier et al. 2003). It is a unique aggregation 

of three instances: geometric, semantic and semiological (Figure 2.5). Any change of one 

of the three instances results in a new vuel.  
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Figure 2.5 The VUEL and its elementary components (Bernier et al. 2003) 

 

Depending on the view produced from the spatial database, the same reality can be 

represented by several vuels. For example, Figure 2.6 gives three different vuels of a spatial 

object. The first vuel is associated with the semantics House and represented by a hatched 

polygon (geometry and semiology). The second vuel has the same semantics but 

represented by a rectangle. The third vuel is represented by a dotted polygon with the 

semantics residential house (Bernier et al. 2003).   

 

 

 

 

 

 

 

 

 

 

 

Figure 2.6 Representation of the same reality by three different vuels (Bernier et al. 2003) 
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In the vuel meta-model, the different geometries of a given object are linked by recursive 

relations of generalization. For example, a detailed geometry is generalized by a linear 

geometry which is generalized by point geometry. These recursive relations make possible 

drilling up and drilling down operations on the geometry of objects (Figure 2.7) (Bernier et 

al. 2003). A drill up operation goes from a detailed level to a more aggregated level of 

detail. However, a drill down operation goes from an aggregated level of detail to a detailed 

one.  

 

 

 

 

 

 

 

Figure 2.7 Drill up and drill down operations on the geometry of an object (Bernier et al. 2003) 

 

In addition, in the vuel model, the different semantics of a given object are linked by 

recursive relations, which allow the model to define this object according to different levels 

of granularity. The semantic of a given object is composed at least of the meaning of its 

class of objects. However, depending on the context of use of the object, this semantic may 

result from the use of an attribute and the class of the object. In this case, it is possible to 

associate to a given vuel a subset of attributes already defined for a given class of objects. 

For example, a first application may associate the class house with two attributes such as 

the address and the owner. A second application may associate the class house with more 

attributes such as the address, the owner, the price and date of construction (Bernier et al. 

2003).  

The graphic level of any vuel is determined by the visual variables which are the color, the 

value, the texture, the orientation, the size, and the shape. These variables enable a system 

based upon the vuel concept to use different graphic representations in different views for 

the same geometry and the same semantic.  

drill down drill up 
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In order to efficiently manage the three types of multiplicities (geometric, graphic and 

semantic) at the occurrence level, the vuel structure uses a fact table and dimension tables. 

The fact table includes each combination of a geometric representation with a graphic 

representation and a semantic meaning, which makes a tuple from each vuel. The 

dimension tables include detailed information about the geometry, the graphic properties 

and the semantics of cartographic features as well as navigation paths between different 

levels of granularity of this information (Bernier et al. 2005).  

Spatial databases supporting multiple representation have several benefits. Indeed, when 

they are used in a given system, they allow this system to (GiMoDig 2005): (i) do a multi-

scale analysis of the data (information in one resolution can be analysed with respect to 

information given on another resolution), (ii) propagate updates between the scales (the 

basic idea is that the actual information is only updated in the most detailed data set. The 

new information can then be propagated through the links in the multiple representation 

database to all the other scales (Kilpeläinen 2000, Harrie 1999, Harrie and Hellström 1999, 

Hampe et al. 2003) and (iii) reduce online data generalization as the database maintains 

several scales of the topographic. Furthermore, multiple representation databases have 

several drawbacks related to the storage, the handling and the update of the different 

representations of objects. In addition, they are known to be voluminous as all the 

geometric representations of a same object are explicitly stored in the database. In order to 

overcome these problems (data volume and updates), Cardenas (2004) proposed the new 

concept of geometric pattern. A geometric pattern is a geometric object with basic 

geometric characteristics which are typical and representative of a large number of 

occurrences of a cartographic feature type or of a geometric primitive. A geometric pattern 

is able to adapt itself to the geometry of these occurrences of objects at different scales and 

can be reused several times (Cadenas 2004). In other words, a geometric pattern has a 

generic geometric representation that can represent several occurrences of an object class 

(GEMURE 2005). For example, at a certain scale, the shapes of some buildings may be 

similar (e.g. they may have an “L” shape). In this case, they could be associated to the same 

“L” geometric pattern which is stored only once.  

Geometric patterns, which may be complex or simple, aim at being the fastest recognizable 

representation of an object (Figure 2.8). Complex patterns may be composed of several 
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simple patterns. Therefore, they may be generalized on-the-fly by simply using a 

decomposition operation. In addition to this advantage, the notion of geometric pattern 

considerably reduces the volume of multiple representation databases since the same 

geometric pattern can be used for several occurrences. Nevertheless, geometric patterns are 

not suited for all object classes. They have been used for cloverleaves, cul-de-sac and 

buildings (GEMURE 2005). 

 

 

 

 

 

 

 

 

 

Figure 2.8 The multi-scale property of a geometric pattern allows easy generalization (GEMURE 
2005) 

2.2.6 Multiple representation and cartographic generalization 
For map production, the ideal method to generate new data seems to rely on the 

maintenance of only one detailed database and to automatically derive simplified 

representations using cartographic generalization algorithms. However, this is currently 

impossible since cartographic generalization is still a research area and there is no complete 

automated solution (GEMURE 2005). In addition, it is usually difficult to identify which 

operators to use and their sequence, and to choose their implementation algorithms. An 

alternative solution may rely on the use of multiple representation databases (Bernier et al. 

2005). This solution can quickly create maps at different scales (from predefined 

representations) and ensure the consistency of updates. In addition, when an operator is 

applied to a given object, its geometry may be transformed into a new one that may match 

one of the other geometric representations of the object. In this case, the application of the 

cartographic generalization operator can be considered as useless. Moreover, depending 

Domain of symbols  

Domain of patterns  

Domain of exact geometries   
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upon the map’s context of use, the application of graphical representations of some objects 

may be more significant than the use of their geometric representations. In such cases, it 

would be better to change the objects’ representations rather than to transform their 

geometries since these transformations may be complex and time-consuming.   

Despite its multiple advantages, the use of multiple representation as an alternative to 

cartographic generalization is not always a suitable solution. Indeed, multiple 

representation often generates voluminous databases and restricts the cartographic products 

to the predefined scales. In recent research works the trend is to combine these two 

approaches in order to generate new data (Ruas 2002).  Using this combination, it is 

possible to transcend the respective limitations of the two approaches and to go beyond 

current solutions (Bernier et al. 2005). Currently, the main research works that combine 

cartographic generalization and multiple representation are done in the context of the 

GEMURE project (Jabeur et al. 2003, Jabeur and Moulin 2004 2005, Gbei et al. 2003, 

Bernier et al. 2005, Bernier and Bédard 2005) and the GiMoDig project (Hampe and Sester 

2004, Sester et al. 2004) . These projects will be detailed in section 2.6.     

2.3 Web mapping  

2.3.1 Introduction  
Nowadays, paper maps are still an important means of providing geospatial data, thanks to 

their accessibility, portability, good graphic quality, and high image resolution (van 

Elzakker 2004). Nevertheless, more and more maps are displayed on computer screens. 

These maps are becoming both more available and more accessible to users given the rise 

of Internet that currently provides many web mapping services8 for various uses, such as 

positioning, tourism, transport management, as well as emergency and military 

applications. These services are getting easier to use, thanks to new advances in 

communication technologies, development standards, and information storing and handling 

techniques (Jabeur and Moulin, 2004). However, while they are getting simpler to use, 

there is also an increasing potential for extended capability and complexity in web mapping 

applications (McKee, 2004).  

                                                 
8 http://www.web-mapper.com/company/showproducts.cfm 
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Since the appearance of web mapping services, demand for on-line maps is increasing 

worldwide. Consequently, the economic potential of these services is growing 

continuously. For example:  

- In 1998, over 5 million web maps were interactively and dynamically created during 10 

days of the Route du Rhum sailing race (Baumann 1999).  

- MapQuest9 is considered to be the number one web map site in the world (Crampton 

1998). In November 1999, there were 75.4 million maps drawn on this site (Gebb 

1999). 

- Approximately 40 million web maps in total are used per day worldwide (Peterson 

1999).    

The growing economic potential of web-mapping services has been possible thanks to the 

accessibility, actuality, and popularity of the Internet which represents a growing medium 

to obtain and disseminate geospatial information. Many companies unevenly took 

advantage of these benefits. In fact, some providers still offer their users ready-made maps 

whose contents are static. Other providers make great efforts to provide more flexible maps 

that take into account users’ preferences and characteristics of display screens. These maps 

are more usable than the first ones. However, the content of current web maps cannot be 

adapted to users’ needs during their generation. In order to increase the flexibility and 

usability of these maps, it is important to have efficient ways to automatically generate the 

required maps, within acceptable duration times with respect to the context of use of these 

maps.  

2.3.2 Map types  
Different types of maps are mentioned in the literature (Berendt et al. 1998, Elzakker 

2004). Figure 2.9 proposes a classification (Table 2.1) based upon the intended use of maps 

(Elzakker 2004). In this classification, three main map types are mentioned: 

- A map execution encompasses cartograms and dynamic maps. A cartogram is an 

abstract and simplified map. However, a dynamic map, or animated map, is a map 

whose display changes continuously. The user does not necessarily have any control 

over these changes (Slocum 1999). 

                                                 
9 http://www.mapquest.com/  
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- A topographic map gives a general, realistic, and complete, but simplified 

representation of the terrain (roads, buildings, vegetation, etc.), and the names of 

various cartographic objects (Kraak and Ormeling 2003).  

- A thematic map is a map in which the distribution, quality, and/or quantity of 

certain (groups of) phenomena or themes are represented in a topographic base (Bos 

et al. 1991). Tourist maps may be considered to be thematic maps according to this 

definition (Elzakker 2004).  

 
Map types for regional exploratory studies Basic geographic questions  

Topographic maps  

Topo1 Topographic/geographic map  What is where is the region?  

Topo2 Image map What does the region look like? 

Topo3 Physical planning map  What is the planned structure of the region?  

Topo4 Road map What is there from the perspective of road users? 

Topo5 Tourist map What is there from the perspective of tourists? 

Thematic mapping methods  

Them1 Nominal point symbol map Where are these different point features? 

Them2 Nominal line symbol map Where are these different line features? 

Them3 Chorochromatic map Where are these different area features? 

Them4 Dot map  What is the actual spatial distribution of this discrete 
point feature? 

Them5 Proportional point symbol 
map 

Where is how much of a discrete point or area feature? 

Them6 Flowline map What is the direction, course and perhaps, quantity of 
movement of a particular geographic feature between 
places? 

Them7 Choropleth map What is the density / intensity of a particular feature? 

Them8 Isoline / isoleth map  Where is how much of a continuous area feature? 

Them9 Statistical surface What does the statistical model look like of a 
quantitative distribution? 
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Them10 Diagram map What is the composition of a quantitative distribution? 

Map execution  

Exec1 

 

Exec2 

Cartogram  

 

Dynamic map / animation  

What is the real absolute context of non-area related 
feature? 

Which spatial processes are taking place?  

 

Table 2.1 Map types for regional exploratory studies and the basic geographic questions to which 

they provide an answer (Elzakker 2004) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9 Map types (Elzakker 2004) 
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2.3.3 Automatic map generation  
New techniques in spatial data digitization, storing, treatment, and dissemination resulted in 

more and more maps being stored on electronic supports whose capacities are growing 

continuously. Many countries established digital databases that correspond to the largest 

scale of the national official map series. This large scale varies from country to country, 

depending upon its territory size, its economic concerns, and its technical and political 

issues (Meng 1997). For example, Switzerland and Finland start their landscape modeling 

using a 1:5000 scale, Belgium and the United Kingdom use 1:10000 and Germany and 

France use 1:25000 (Meng 1997). Nowadays, data is increasingly available, thanks to 

satellites which are able to collect and process terabytes of image data everyday 

(Buttenfield and Tsou 1997). However, the huge quantity of available data neither always 

attracts users, nor always matches their requirements (Meng 1997). Consequently, new 

functionalities are required to extract relevant datasets from existing databases.   

The retrieval of relevant datasets is a challenging task, particularly in the context of web 

maps. Indeed, it is not often obvious to determine which spatial information should be 

considered as relevant with respect to the goals of the map and its context of use. For 

example, let us suppose that a user, initially in Ottawa, wants to go to Quebec City. The 

provided map shows primary and secondary roads that enable him to reach the latter. 

However, the content of this map is not enough for the user to orient himself and find his 

destination in Quebec City. The user needs a new map, with many more details, in order to 

determine, among others, buildings, landmarks, and small streets. These details, which 

were not relevant during the user’s trip from Ottawa to Quebec City, depend upon the 

user’s requirements. They first become relevant when driving in Quebec City (the new 

context of use of the map). Furthermore, the availability of these details does not mean that 

the new required map will be usable. The user must be able to understand the map and use 

its content. For example, if the user speaks only English, the legend of the new required 

map must be written in English.  

As shown in this example, it is obvious that the relevance of data may lie in the 

requirements, the profile and reading and reasoning abilities of the user of the map. 

Therefore, according to the relevance of spatial data, new maps are theoretically required. 

However, since it is impossible to digitize and save all possible maps in different databases, 
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it is necessary to keep the most useful data (for example, data that corresponds to the 

largest scale in the national official map series), and then to use this data in order to derive 

new maps. In the context of web mapping, maps may be needed at request time. In this 

case, derivation of new maps must be automatic, quick, and effective.   

The automation of the map generation process is not a new research topic. It was discussed 

for the first time in the middle of the sixties (Meng 1997). Many papers addressed this topic 

in which generalization was seen as essential (Mackaness 1996). However, progress in 

research has been made at an uneven pace (Meng 1997). Even now, a complete solution for 

automatic map generation is not available due to the complexity of automating the 

cartographic generalization process (c.f. Section 2.1.5).  

In the context of web mapping, data is usually pre-computed. When a user asks for a 

specific map, the web mapping application retrieves the required dataset, and then displays 

it on the user’s screen. This approach does not adapt the contents of required maps to 

display space, resolution of display media, and specific needs of maps’ users. 

Consequently, web maps lack flexibility and often have poor quality, especially given that 

they do not respect even the basic rules of map production (Dahinden 2002, van Elzakker 

2001).  

To enhance the quality of maps offered over the web, researchers must overcome the 

difficulties of automatic cartographic generalization. They must also deal with web 

constraints, such as accessibility and loading time, and adapt to visualization mediums. 

Moreover, the automatic map generation process must adapt the contents of maps to a 

user’s preferences, context, and expectations, in order to face the growing demand for more 

personalized maps. One of these users’ expectations is related to the response time 

necessary to provide the required map. Sometimes, a user may expect to receive the 

required map immediately. While at other moments, time is not important.   

2.3.4 Map personalization   
Spatial information may be accessed over the web by everyone whose cartographic 

knowledge may be limited or even nonexistent. In order to make this information 

understandable and usable, web mapping applications should personalize the maps that 

they provide by adapting their contents to the users’ needs, preferences and contexts. The 
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personalization of web-based maps can be done at the source or at the destination. The 

personalization of maps at the source consists in adapting the content of the map to users’ 

needs, preferences and to their display terminals characteristics during the map generation 

process. Thus, the final map is already personalized when it is sent to the user. In order to 

reach this goal, the data processing should take into account users’ expectations and should 

predict what may help them to understand the provided maps. For example, in a tourist 

context, the map generation process should display legibly the landmarks of the geographic 

space even if the user did not explicitly ask for them. Indeed, landmarks may help the user 

to find his destination and to be oriented easily in the geographic space.  

The personalization of maps at the destination consists in offering to users the necessary 

functions that enable them to interact with the maps which are already displayed (these 

maps are not personalized yet). These functions may encompass the possibility to change 

the map style to enlarge or to reduce the display scale, etc. The implementation of these 

functions depends on the format of the provided maps. Indeed, some web mapping 

applications display maps as static images (JPEG and PNG images) which lack interactivity 

in addition to the fact that their quality which may diminish during scale change. Other web 

mapping applications display more interactive maps using vector formats (e.g. Flash and 

SVG10). These formats enable the mapping applications to handle the maps without 

distortion (Bernier et al. 2003).  

To our knowledge, there is no existing web mapping application that enables to personalize 

the content of maps at the source. However, several web mapping applications (e.g. 

UMapIT11 application and Google Earth application) are already available and enable to 

personalize spatial data at the destination. In the majority of web mapping applications, we 

can find navigation options which are limited to displacement (pan) and zooming12 

operations. These operations are only graphic functionalities since they only enlarge or 

reduce the map, move its centre point or display its full extent (Bernier et al. 2005). They 

do not result in the modification of the content of the map. In addition, they do not provide 

any navigation through the levels of objects or the levels of their classes. Furthermore, most 

                                                 
10 SVG (Scalable Vector Graphic) is a recommended standard of the W3C (World Wide Web Consortium). 
Its version 1.1 was adopted in 2003 
11 UMapIT (Unrestricted Mapping Interactive Tool) will be detailed in section 2.6 
12 Zoom in: enlargement of the display scale, Zoom out: reduction of the display scale 
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of the existing web mapping applications provide personalization functions which enable 

users to modify the style of the map by making some changes on visual variables of maps 

such as to choose a predefined ordering of colors to be applied to the whole map (Bernier et 

al. 2003). 

In order to improve the personalization of web maps, Bernier et al. (2003) emphasized the 

need to integrate different levels of semantic in the spatial database. Indeed, the support of 

semantic multiplicity in the database enables users to select subclasses as for example only 

display highways and commercial buildings. Bernier et al. (2003) also mentioned the need 

to enrich the spatial database using geometric multiplicity. This multiplicity facilitates the 

web mapping application to provide a function that enables users to choose the geometries 

associated to objects displayed on the map. For example, if a user is an architect who is 

interested in museums, he may need the detailed geometries of these museums. In this case, 

the web mapping application should focus of the geometries of the required objects. The 

vuel concept (Bédard and Bernier 2002) is a suitable solution to tackle the limitations of the 

current web mapping applications in terms of personalization (Bernier et al. 2003).  

 

2.4 On-the-fly web mapping  

2.4.1 Definition  
The main approach used to provide web maps consists of retrieving and displaying 

preprocessed spatial data from a database, stored in a specialized server (Figure 2.10a). 

This approach, which was proposed and refined by several researchers, has several 

drawbacks. Indeed, in addition to map quality that diminishes during scale reduction, this 

approach lacks the facility to personalize the map with respect to the user’s needs, 

preferences, and context. In order to overcome these drawbacks, appropriate cartographic 

generalization operators must be applied in real-time to spatial objects (Figure 2.10b) 

(Jabeur et al., 2003), and the required map must be produced immediately. Map production 

in this case is said to be on-the-fly.  

On-the-fly web mapping can be defined as the real-time creation, and immediate delivery of 

a new map upon a user’s request, and according to a specific scale and purpose. Web 

mapping can also be called on-demand. Some authors (e.g. Jones et al. 2000) do not make a 
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distinction between on-the-fly and on-demand web mapping (Cecconi 2003). However, the 

primary difference between these two types of web mapping is related to the delivery time 

of required maps. While on-the-fly web mapping emphasizes the immediacy, on-demand 

web mapping aims to produce the required map at the time of interest, which is not 

necessarily, immediate (Cecconi 2003). The main characteristics of on-the-fly web 

mapping are: 

• Required maps must be generated in real-time. 

• Generation of a temporary and reduced scale dataset for visualization purposes from the 

database (van Oosterom 1995) in order to use the computer’s memory efficiently (Cecconi 

2003). 

• A real-time map generation process has to take into account users’ preferences and 

contexts. 

• A real-time map generation process must adapt maps’ contents to display space and 

resolution of display media as well as to the contextual use of these maps.  

• The scale and theme of the map are not predefined (Cecconi 2003). 

• There is no way to verify the quality of the final map that will be sent to the user. 

     

 

 

 

 

 

Figure 2.10 (a) Usual automatic map generation, (b) On-the-fly map generation 

   

2.4.2 Challenges of on-the-fly Web mapping  
There is no doubt that designing maps for on-the-fly web mapping applications is a 

challenging task. We propose, in Figure 2.11, 4 kinds of constraints that map-makers must 

work with: technical, spatial data, user, and spatial processing. 

• Technical constraints are independent of the approach used to generate the required map. 

They affect limitations, opportunities, and characteristics of the web, such as downloading 
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time. They also influence map representations on the web, such as color depth and quality, 

and screen resolution (Arleth 1999). These constraints are uncontrolled by map-makers 

since the precise characteristics of the display screen and data transfer may vary 

significantly between different client systems (Cecconi 2003).  

• Spatial data constraints are related to data modeling, availability and retrieval. Well 

structured spatial data helps to speed up the extraction of the necessary spatial datasets, 

especially when a stringent spatial data indexation mechanism is available. 

• User constraints correspond to requirements, preferences, cultural background, context 

and spatial reading, as well as reasoning abilities. Many studies have addressed spatial 

reasoning (Berendt et al. 1998, Raubal and Winter 2002, Knauff et al. 2002, Freksa 1991, 

Wang et al. 2001). They focused on how users interpret spatial objects, how they use these 

objects to find their way, how to identify objects that attract users’ attention on the map, 

etc. 

• Spatial processing constraints are related to spatial data handling and real-time map 

generation. It is a challenging task to determine the relevant cartographic generalization 

operators to apply, their implementation algorithms, and their best application sequence. 

Spatial processing must make an efficient use of spatial data. It also has to adapt the map’s 

content so that it supports both user constraints and technical constraints. This difficult task 

complicates the handling of objects that may overlap, especially as screens often have 

reduced sizes.   
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Figure 2.11 Constraints of on-the-fly web mapping 

  

On-the-fly web mapping encompasses the challenges of automatic cartographic 

generalization, and those of web mapping. It has an additional restrictive challenge relating 

to the real-time generation and transmission of required maps. Since automatic cartographic 

generalization and web map generation are very complex, and often time-consuming, it is 

important to prioritize the challenges to be faced. Priority between challenges can be 

identified according to the scale, purpose and context of the map’s use. It is obvious that we 

do not intend to solve all on-the-fly web mapping challenges within the scope of this 

dissertation. We are particularly interested in finding some ways in order to solve spatial 

conflicts that may occur during the generation of maps and how to provide maps, whose 

content can be adapted, on-the-fly, to users’ needs. We intend to address the problem of 

how to improve map personalization, and therefore, how to increase its usability.   
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2.4.3 On-the-fly Web mapping approaches  
There are three fundamental approaches to providing on-demand, or on-the-fly, web maps: 

representation-oriented approaches, processing-oriented approaches and hybrid 

approaches (Cecconi 2003, Weibel et al. 2002).  

2.4.3.1 Representation-oriented approaches  
The representation-oriented approach (Figure 2.12) is based upon the conversion of several 

representations of the same object in a database. Vangenot (1998) proposed the stamping 

approach in order to define the geometry of an object as a spatial attribute of n values and 

to manage the automatic access to these values in function of the resolution. The stamping 

of attributes associates several values, as well as their respective resolutions to the same 

attribute. Kilpelainen (2000) proposed a model for a multi-representation database in which 

spatial data is organized in levels. The handling of this data is controlled by a reasoning 

process that controls the use of generalization operators. This model lies on the 

bidirectional connectivity that links the different representations of the same object (Weibel 

et al. 2002). The advantages and drawbacks of representation-oriented approaches are 

summarized in the following table (Cecconi 2003): 

 

Advantages  Disadvantages  
The set up of such an approach is simple 
since in most cases the different levels of 
details are available.  

Updating the levels of details of a multi-
scale database is very difficult. Indeed, 
every level must be updated separately. 
Furthermore, the updates carried out must be 
propagated across scales.  

Everything is pre-calculated. No processing 
is done in real-time. This allows on-the-fly 
mapping. 

Corresponding objects in the different levels 
of details are not hierarchically connected. 

Applications work very well for particular 
purposes and situations.   

Applications based on a representation-
oriented approach are not flexible since 
spatial data is stored at fixed levels in the 
database beforehand.  

 

Table 2.2 Advantages and drawbacks of a representation-oriented approach (Cecconi 2003) 
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Figure 2.12 Representation-oriented approach 

2.4.3.2 Processing-oriented approaches  
The processing-oriented approach lies on real-time map generation (Figure 2.13). 

Cartographic generalization operators have to be applied to spatial objects on-the-fly. In 

principle, all the current generalization operators that run according to a linear or an 

algorithmic time may be used in the on-the-fly generalization (Weibel et al. 2002). These 

operators must be fast or supported by pre-calculated attributes or data structures. The 

selection (or the elimination) is an example of such operators. It may be implemented by 

algorithms based on pre-calculated attributes such as the Horton stream ordering scheme 

(Rusak and Castner 1990) or the algorithm proposed by Lehto and Kilpeläinen (2001). The 

simplification and the aggregation may also be used in the context of real-time 

generalization. However, the displacement is often time consuming.  

The processing oriented approach is very flexible. However, it is not widely used because 

of the time it takes to provide requested maps. Its advantages and drawbacks are 

summarized in the following table (Cecconi 2003): 

Advantages  Drawbacks  
The approach is very flexible and allows the 
production of scale and theme dependent 
outputs. 

Computational costs are very high, limiting 
the use of the approach when applied to 
real-time contexts. 

Duplication of the stored data can be 
avoided.  

The approach is strongly time-sensitive 
depending on the involved number of 
objects. 

The database consists only of one detailed 
data set at one scale which facilitates the 
update process.  

A fully automated generalization process is 
needed but not yet available.  

 

Table 2.3 Advantages and drawbacks of a processing-oriented approach (Cecconi 2003) 

 

Dataset extraction 

Multi-scale database Required map 
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Figure 2.13 Processing-oriented approach 

2.4.3.3 Hybrid approaches   
Hybrid approaches take advantage of the flexibility of processing-oriented approaches and 

the suitability of representation-oriented approaches to generate maps in real-time by 

combining their use. In this context, Cecconi (2003) proposed an approach based on using a 

combination of multi-scale database and on-the-fly generalization. This approach (Figure 

2.14) provides the possibility to conceive more flexible solutions which can be easily 

adapted to users’ needs. According to users’ specifications, classes of objects are selected 

from the suitable level of detail of the database. These classes are then refined using on-the-

fly generalization.  

In order to carry out on-the-fly generalization, Cecconi and Weibel (2002) proposed several 

patterns in order to generalize different data types such as buildings, roads and lakes. 

However, these patterns are suitable only for some specific map types and for specific 

contexts (Switzerland and similar countries). In addition, prefixed generalization operations 

may reduce the flexibility of the proposed approach. 

  

 

 

 

 

 

Figure 2.14 Hybrid approach for on-the-fly map generation 

 

Generalization 

Mono-scale database 
Required map 

Generalization  

Multi-scale database Required map 



 45
 

Bernier (2002) suggested the use of patterns of multiple representation in the automatic 

generalization process. These patterns, which are stored in the database, are typical 

representations of certain types of objects. They are used to speed up some on-the-fly 

generalization operations. Indeed, it is frequent that the handling of some complex 

buildings’ shapes results in unsatisfactory outcomes compared with the application of 

simplification transformations. In this case, it may be advantageous to replace the geometry 

of a given building by a simplified geometry instead of using generalization. This latter 

geometry has to be positioned appropriately.  

The approach proposed by Bernier (2002) can facilitate on-the-fly map generation. 

However, since it is impossible to define all the possible patterns beforehand, the use of 

cartographic generalization operators remains necessary. Consequently, the proposed 

approach should be extended in order to be applied to on-the-fly map generation. 

 

2.5 Multiagent systems 

2.5.1 What is an agent? 
The concept of agent has been used in several disciplines, such as artificial intelligence, 

robotics, and psychology. Due to its wide usage, several definitions have been assigned to 

this paradigm. In the literature, definitions concern an agent’s capability, environment, 

autonomy, etc. Wooldridge and Jennings (1995) defined the agent as a software entity, 

situated in a given environment, and which is able to act autonomously in its environment 

in order to reach the goals for which it was conceived. According to Ferber (1995), an agent 

is a physical or virtual entity which: 

- is able to act in its environment;  

- is able to have direct communication with other agents; 

- is under a set of tendencies in the form of individual goals, a satisfaction function or a 

survival function that the agent tries to optimize;    

- has its own resources;  

- is able to perceive its environment in a limited manner;   

- has only a partial representation of its environment, or may have no representation at all;  

- has competencies and offers services; 
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- behaves in order to satisfy its goals. It takes into account its resources and 

competencies. It acts according to its perception, its representation of the environment, 

and its communications with other agents.  

2.5.2 What is a multiagent system? 
A multiagent system is a distributed system that contains several agents interacting in order 

to reach their private and possibly their common goals. During their interactions, the agents 

use direct communication, communicate through the intermediary of other agents, or 

through the environment. The concept of agent implies a problem solving entity that both 

perceives and acts upon the environment in which it is situated, applying its personal 

knowledge, skills, and other resources to accomplish high-level goals (AGENT 2003). 

Ferber (1995) defines a multiagent system as a system composed of the following elements: 

- An environment (i.e. a space that generally has a metric).  

- A set of situated objects13. These objects are passive. They can be perceived, created, 

modified, and destroyed by the agents. 

- A set of agents that are particular objects and represent the active entities of the system.  

- A set of relations between the objects (and consequently between the agents since they 

are particular objects). 

- A set of operations that enable the agents to perceive, produce, consume, transform, and 

handle the objects.  

- Operators that represent the application of these operations and the reactions of the 

world to this modification attempt.  

2.5.3 Types of agents’ interactions 
The agents’ interactions are defined by a set of mutual actions performed by two or more 

agents. These interactions, which have several types, take place in different situations, such 

as data exchange, resource sharing, and load distribution between several processors. An 

interaction type is defined according to three fundamental components: the nature of the 

agents’ goals, the agents’ competencies, and access to the available resources. According to 

these three components, Ferber (1995) set up the following typology of interactions 

between agents: 
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Goals Resources Competences Types of situation Category 

Compatible  Sufficient Sufficient Interdependence Indifference 

Compatible Sufficient Insufficient Simple collaboration 

Compatible Insufficient Sufficient Overcrowding   

Compatible Insufficient Insufficient Coordinated collaboration 

 

Cooperation 

Incompatible Sufficient Sufficient Pure individual competition  

Incompatible Sufficient Insufficient Pure collective competition  

Incompatible Insufficient Sufficient Individual conflicts for 

resources  

Incompatible Insufficient Insufficient  Collective conflicts for 

resources  

 

 

 

Antagonism 

 

Table 2.4 Typology of interactions between agents 

 

In a multiagent system, agents carry out actions in order to reach their goals. In some 

situations, these actions must be coordinated in order to improve the performance of the 

system and to avoid deadlock situations that may occur. Such deadlocks may appear, for 

example, during the access to a shared resource. The coordination of agents’ actions 

consists of the analysis of how these actions must be organized in time and space in order 

to realize the intended goals (Ferber 1995). This coordination may take the form of a 

collaboration between the different agents. It may also be simple, consisting only of the 

addition of agents’ competencies, with no extra need to coordinate their actions. Indeed, 

every agent should possess or have access to the necessary resources in order to perform its 

task. The agents need to collaborate when they lack competencies. Nevertheless, 

collaboration may also be coordinated. In this case, the agents, which lack resources and 

competences, must coordinate their actions in order to efficiently use the available 

resources and eventually reach their goals.  

When conflicts occur between agents, it is important to limit their effects. In such case, 

negotiation techniques enable the involved agents to resolve their differences by reaching 

                                                                                                                                                     
13 A situated object is an object for which it is possible to assign a position in the environment at a given time. 
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compromises (Ferber 1995). The main characteristics of negotiation concern the language, 

the protocol, and the decision-making process used by each agent in order to define its 

positions, concessions, and argumentation criteria (Huhns and Stephens 1999). 

Collaboration, coordination, and conflict resolution define the notion of cooperation 

(Cooperation = collaboration + action coordination + conflict resolution) (Ferber 1995). 

Simply stated, the cooperation problem boils down to the determination of who does what, 

when, where, how and with whom.  

In addition to cooperation, the second category of agents’ interactions is antagonism. It 

may occur in situations of competition wherein agents must negotiate or compete in order 

to reach their goals. The competition may be purely individual. In this case, every agent 

needs to have the necessary competences and resources in order to achieve its goals. The 

intrinsic characteristics of agents make a difference during the competition (i.e. the best 

agent wins the competition). A race is an example of pure individual competition, during 

which every runner has the same chances as his or her adversaries. The second type of 

competition is purely collective competition. The agents have incompatible goals. Some of 

these agents are obliged to form coalitions or associations in order to reach their goals since 

they do not have sufficient competencies (Ferber 1995).  

When the agents’ goals are incompatible and their resources are insufficient, the agents are 

said to be in conflict. This conflict may be individual for resources, in which case their 

resources cannot be shared and every agent tries to acquire these resources for itself. The 

conflict may also be collective for resources, in which case agents have insufficient 

competencies. This situation appears to be a purely collective competition, during which 

agents’ coalitions are competing in order to get the resources. Wars are an example of a 

purely collective conflict for resources (Ferber 1995). Conflicting situations are, at the same 

time, the cause and effect of agents’ interactions. They occur due to a lack of resources (e.g. 

lack of available space), and require additional interactions to be solved. These interactions 

may be negotiations, arbitration, use of settlements, or resorting to competition or force 

(Ferber 1995).  
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2.6 Outline of on-the-fly map generation systems  
The main research works that addressed on-the-fly map generation in a web or in a mobile 

context have been done in the context of the GEMURE14 and the GiMoDig15 projects. In 

the GEMURE project, two subprojects tackled on-the-fly map generation: the SIGERT 

project, which represents the practical context of our thesis, and the UMapIT project. In 

addition, in the context of the GenDem16 project, an adaptive zooming approach has been 

proposed for on-the-fly map generation.  

Furthermore, recently in 2005 the Google Earth application appeared on the web. This 

application is simple to operate. It encompasses a 3D model of the real world based on real, 

medium or high resolution satellite images combined with map and aerial photographs. The 

satellite images are in a bitmap format combined with vector overlays that represent 

borders, roads, railways, etc. The Google Earth application offers zooming and panning 

functionalities. It enables users to personalize maps by asking for more details about roads, 

restaurants, malls, etc. During the zooming and panning operations, the application adapts 

symbols to the display scale in real-time. Nevertheless, the application does not generate 

the requested maps on-the-fly. It applies neither cartographic generalization operators, nor 

uses multiple representation during the generation of data.  

2.6.1 An adaptive zooming approach for on-the-fly map 
generation  
In the context of the GenDem project, Cecconi and Galanda (2002) proposed an adaptive 

zooming approach in order to adjust the content and the symbolization of a given map to a 

target scale. This approach combines the use of a multi-scale database with on-the-fly 

generalization (Figure 2.15). The multi-scale database stores each feature class at different 

scale levels called levels of detail. These levels are derived beforehand using interactive 

generalization of the base dataset.  

                                                 
14 GEMURE started in April 2002 
15 GiMoDig (Geospatial info-Mobility service by real-time Data integration and Generalisation) started on 
the 1st November 2001   
16 GenDem: Map Generalization for Thematic and On-Demand Mapping in GIS. It concentrates on the 
development and study of generalization methods that are suitable for rapid creation of maps and 
visualizations.  
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When the user carries out a zoom, the map is re-generated from the database for the 

requested scale. During this generation, the classes of objects are selected from the level of 

detail which is the most appropriate to the scale of the requested map. These classes are 

then refined using on-the-fly generalization operations. On-the-fly generalization of spatial 

data is done using prefixed sequences of transformations (Figure 2.16). These sequences 

may vary according to the classes of objects. On-the-fly generalization is restricted to 

efficient and less complex generalization methods and algorithms since it is highly time-

critical. In order to optimize and speed up the generalization process, geometric information 

and semantic information are derived in advance from the objects in the database (Cecconi 

and Galanda 2002).  

 

 

 

 

 

 

 

 

 

Figure 2.15 Principle of adaptive zooming and web map generation based on level of detail and on-
the-fly generalization (Cecconi and Galanda 2002) 
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Figure 2.16 Possible generalization process for a feature class (e.g. river) (Cecconi and Galanda 
2002) 

 

2.6.2 The GiMoDig project  
The GiMoDig project aims at establishing methods for distributing cartographic data from 

core databases at national mapping agencies to mobile devices (mainly following the OGC 

standards) (GiMoDig 2005). In order to reach this goal, the GiMoDig project generates the 

required maps on-the-fly using cartographic generalization and multiple representation. The 

real-time generalization in the GiMoDig project is based on the use of a so-called 

simultaneous graphic generalisation method. This method aims at computing the optimal 

solution according to a set of constraints (GiMoDig 2005) (e.g. spatial conflicts are not 

allowed during displacement, the shape of some objects must be maintained during 

exaggeration, points should not move and the characteristics of line and area objects must 

be maintained).  

The simultaneous graphic generalisation method is only concerned with the graphic part of 

generalisation. Indeed, it changes the symbolisation of objects in order to make the map 

more readable. These changes are carried out using generalization operators such as 

simplification, smoothing, displacement and exaggeration (GiMoDig 2005). When these 

changes require complex real-time generalization transformations, which may prevent the 

automation of map generation, the GiMoDig project uses multiple representation.   
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In the GiMoDig project, the generalization operators are implemented in the data 

processing layer (Figure 2.17). This layer provides two kinds of programming 

environments for generalisation: XSLT17 and Java/JTS. XSLT is used for fast 

generalisation that does not require to consider relationships between objects (Lehto and 

Kilpeläinen 2000). For example, the operators selection, simplification and aggregation of 

building symbols have been implemented by using the XSLT mechanism. Furthermore, 

JTS18 (OGC, 2005) contains robust implementations of the most fundamental spatial 

algorithms in 2D. It is not computationally fast. However, it provides tools for handling 

complex relationships between objects in the generalisation process (Hampe et al. 2004, 

Harrie et al. 2004, Stigmar 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.17 Generalisation Service in GiMoDig, internal workflow (Lehto, 2003) 

 

The last version of the GiMoDig project does not fully integrate the simultaneous graphic 

generalisation routines. However, these routines are integrated as a free-standing prototype 

                                                 
17 XSLT is a standard XML application for transforming one XML document into another 
18 JTS: Java Topology Suite is an open source Java package from Vivid Solutions that conforms to the Simple 
Features Specification for SQL 
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that uses the same programming environment as the data processing layer in the GiMoDig 

system architecture (GiMoDig 2005). As shown in Figure 2.18, the free-standing prototype 

works as follows (GiMoDig 2005):  

1) Data is requested from a Web Feature Server (WFS). 

2) GML19 data is parsed into Java objects. 

3) Topological relationships are created. In this step the feature type is read and matched to 

a generalisation behaviour. The Java function for simultaneous graphic generalisation is 

performed using data about the objects. This data is in the parameters of the function call. It 

concerns how objects should be treated in the generalisation process. 

4) Simultaneous graphic generalisation is performed. The result from this process is 

returned to the Java environment. 

5) The current objects are generalised by adding the point movements to their coordinate 

values. 

6) The result is visualised in the graphical user interface. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.18 The structure of the GiMoDig’s prototype (GiMoDig 2005) 

 

                                                 
19 GML: Geography Markup Language. 



 54
 

2.6.3 The GEMURE project 
The GEMURE projects aims at developing new methods and tools combining automatic 

generalization and multiple representation in order to facilitate the production of 

cartographic data according to users’ demands. It is designed around an innovative strategy 

by using a multi-tiers data warehousing architecture composed of a central multiple 

representation data warehouse and different specialized datamarts (Figure 2.19) (GEMURE 

2005). The data warehouse results from the merge of different heterogeneous data sources. 

However, the datamarts, which are extracted from the data warehouse for specific uses such 

as tourism, military and transport application, should alleviate the creation of new maps. In 

the context of the GEMURE project, two separate applications have been developed: the 

UMapIT20 application which is an on-demand web mapping tool and the SIGERT21 

application. Next section gives details about the UMapIT application. The SIGERT system 

will be detailed in Annex A.   

 

Figure 2.19 GEMURE data warehouse architecture (GEMURE 2005) 

 

                                                 
20 UMapIT: Unrestricted Mapping Interactive Tool. 
21 SIGERT: A geo-located web services for recreo-tourism domain.  
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2.6.3.1 The UMapIT application 
UMapIT aims at offering very flexible on-demand web mapping that supports seamless 

occurrence-based generalization and drilling for maximum customization. It allows a user 

to create a map according to his needs, in an intuitive manner (Bernier et al. 2003). Two 

versions of UMapIT have been developed. Both versions rely on the same datamart, using 

the VUEL structure. The first version relies on the Intergraph’s GeoMedia WebMap 

technology. The second version is based on emerging interoperability standards from the 

Open Geospatial Consortium (OGC) and the World Wide Web Consortium (W3C) such as 

XML, GML, WFS and SVG (GEMURE 2005). This latter version is composed of a data 

server, web services and a web client (Figure 2.20) (Bernier et al. 2005):  

- The data server manages the multiple representation database. It makes data accessible 

through Internet via SQL queries.  

- The web services provided by UMapIT are: a descriptive querying service and a spatial 

querying service. The descriptive querying service offers an access to the descriptive data 

in the database. It informs the web client about the data available in the database. However, 

the spatial querying service gives access to feature-level geospatial data.  

- The web client is used to create maps and to interact with them.   

 

 

 

 

 

 

 

 

 

Figure 2.20 The UMapIT Architecture (Bernier et al. 2005) 

 

The use of multiple representation enables UMapIT to provide the user with flexible and 

customizable possibilities such as drill operations and intelligent zooms. Drill operations 

allow the navigation from one level of detail to another. They can be used for a single 
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occurrence or for a class. On the one hand, the occurrence drill enables the user to navigate 

among different levels of detail of a specific object or of a group of objects. This may be 

useful when there is a need to emphasize this/these object(s) with additional details. On the 

other hand, class drill operation affects all the occurrences of a same class of objects. For 

example, if a drill-up operation (which goes from a detailed level of detail to an aggregated 

level of detail) is applied to the object class building, it affects all the occurrences of 

buildings. However, the outcomes of the drill are not the same for all the buildings. Indeed, 

they depend on the next geometric level of each object stored in the database. In this case, 

the drill-up operation can be perceived by the user as on-the-fly generalization even if this 

is done by using the multiple representation links (Bernier 2005). Furthermore, by joining 

zoom operations and drill operations (zoom-in coupled to a drill down operation and zoom-

out coupled to a drill up operation), UMapIT provides intelligent zooms called GenZoom. 

This zoom enables the system to adjust the content of a map on its display scale. The use of 

zoom-out operation with drill up operation would result in an on-the-fly generalization 

(Bernier et al. 2005).   

The current version of UMapIT (Bernier et al. 2005) entirely relies on multiple 

representation to simulate on-the-fly generation by efficiently exploiting multiple 

representation links (Bernier et al. 2005). In order to reduce the complexity of the spatial 

database, the authors propose to extend the application by adding on-the-fly generalization 

transformations using the Self-Generalizing Object (SGO) concept. 

2.6.3.2 The Self-Generalizing Object concept  
A Self-Generalizing Object (SGO) (Figure 2.21) is a special type of objects that may be 

assigned to a geographic object or to a part of a geographic object. For example, every 

segment of a given road may have an SGO. Meanwhile, the entire road may have an SGO. 

Every SGO is characterized by its internal characteristics (such as its geometric patterns, its 

generalization algorithms and its spatial integrity constraints) as well as by its external 

characteristics (such as the semantic and the geometric characteristics of the object that it 

represents). Furthermore, an SGO is able to generalize a cartographic object automatically 

using one or more geometric patterns22, simple generalization algorithms and spatial 

                                                 
22 For more details about geometric pattern, see (Cardenas 2004). 
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integrity constraints. The generalization algorithms are used to display an object at scales 

that were not predefined (i.e. objects were not included in the geometric pattern) 

(GEMURE 2005). The integrity constraints included in a SGO are rules used to minimize 

spatial conflicts. They are used to maintain the coherence between the object and the scale 

of its representation (Sabo 2004).  

Sabo (2004) proposed three groups of SGO: SGO with geometric patterns only, SGO with 

geometric patterns and generalization algorithms and SGO with generalization algorithms 

only. In the second group of SGO, the generalization algorithms may be necessary in order 

to adequately represent an object whose geometry cannot be matched with any existing 

geometric pattern at the representation scale. However, the third group of SGO is used with 

classes of objects for which no geometric pattern can be used.  

Sabo (2004) assigns to every elementary object of the spatial database a simple SGO and 

may assign to any complex object a complex SGO23. For example, a complex SGO may be 

assigned to a river since this river is composed of several segments. The SGO are tagged to 

the exact geometry of an object in order to create a complete behaviour pattern that allows 

the feature to know how to generalize itself using a combination of geometric patterns, 

generalization algorithms and spatial integrity constraints (GEMURE 2005). In addition, 

thanks to the multiple representation links between geometric patterns which are built in 

SGO, operations on specific objects are possible. The SGO concept supports 

simultaneously two important characteristics for on-demand web mapping: on-the-fly 

generalization and occurrence-based customization (GEMURE 2005). Finally, we mention 

that the SGO concept is not yet implemented.  

 

 

 

 

 

 

 

 

                                                 
23 There are several types of complex SGO. Details are available in (Sabo 2004). 



 58
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.21 Self-Generalizing Objects (GEMURE 2005) 

 

2.7 Multiagent-based on-the-fly map generation 
Currently, the unique research work that addresses the on-the-fly map generation using 

multiagent systems is done in the context of the SIGERT project (Gbei 2003), which 

represents the application context of this dissertation. In order to address on-the-fly map 

generation problems using multiagent systems, several questions must be answered: 

- Which geographic entities should be modeled as agents? 

- Apart from geographic entities, what are the other components that may be modeled as 

agents? 

- How to decompose the on-the-fly map generation problem in order to be supported by a 

multiagent system approach? 

- Which kinds of interactions should exist between agents? 

- What are the competencies and resources needed by agents? 

- Which priorities should be considered when studying map generation problems, and 

how are these priorities to be handled by agents? 

Furthermore, several research works based upon multiagent systems have addressed 

specific topics of on-the-fly map generation, such as automatic cartographic generalization 
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(Ruas 1999, Lamy et al. 1999, Duchêne and Cambier 2003) and spatial conflict resolution 

(Mackaness 1994, Ruas 1998, Wilson et al. 2003, Ware et al. 2002, Harrie 1999, Maozhen 

et al. 2002, etc.). The use of multiagent systems provides numerous advantages in the 

domain of cartography. The proprieties of multiagent systems that offer autonomy to tackle 

generalization problems, provide a suitable framework for cartographic generalization 

(Regnault 2001). In addition, the modeling of the generalization process, using multiagent 

systems, indicates that a subset of acceptable solutions can be reached (Lamy et al. 1999). 

Furthermore, in contrast with expert systems, a multiagent-based approach supports the 

holistic nature of the cartographic generalization process. Expert systems can indeed give 

an interesting solution for the cartographic generalization process, but even now it is nearly 

impossible to develop a large enough set of rules to model all the potential situations of this 

process, especially since rules are in competition and cannot be applied everywhere 

(AGENT 2003).  

The main research work based upon the use of multiagent systems in automatic 

cartographic generalization was the AGENT24 project. The general approach used in this 

project (Ruas 1999, Lamy et al. 2001, Duchêne and Ruas 2001) consists of transforming 

the geographic objects contained in databases (roads, buildings, etc.) into the decisional 

entities of the generalization system. In this approach, every geographic object becomes a 

software agent whose goal is to satisfy its cartographic constraints as much as possible. In 

order to achieve this goal, each agent has the capacity to analyze its internal state and to 

detect its conflicts. Moreover, it has the capacity to act in such a way as to choose and 

apply transformation algorithms which are adapted to these conflicts, as well as to assess 

and control the evolution of its state with respect to performed actions (Duchêne 2003).        

The agents of the AGENT prototype were classified into three levels (Ruas 1999) (Figure 

2.22). The first level encompasses isolated geographic objects, such as a building or a road. 

The agents of this level, which are called micro agents, monitor, evaluate, and propose 

actions with regards to specific map objects such as individual buildings. In order to reach 

its private goals, a micro agent tries to cope with its own constraints. By default, every 

agent is passive. It becomes active when it receives an order to be active. This order is 

given by an agent from a higher hierarchical level. The second level contains geographic 

                                                 
24 AGENT stands for Automated Generalisation New Technology 
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entities that correspond to groups of objects, spatially organized, such as a group of aligned 

buildings or a district containing buildings surrounded by roads. These entities do not 

generally exist in databases, but often contain implicit information. Agents of this second 

level are called meso agents. Finally, the third level contains macro agents. These agents 

are used to describe the information (e.g. knowledge and constraints) about roads, 

buildings, etc.  

 

 

 

 

 

 

 

 

Figure 2.22 Hierarchical pyramidal structure of the AGENT prototype (Duchêne 2003) 

 

In other project, Maozhen et al. (2002) proposed a web-based map information retrieval 

technique (MAPBOT) to search for geographical information using software agents. In this 

system, each kind of map feature (e.g. buildings, roads, etc.) is treated as an agent called a 

Maplet. A Maplet has an interface that assists the user in finding the appearance of the 

feature on the map. In this approach, agents negotiate with each other in order to decide 

whether moves are allowed, as well as their directions and values. This negotiation allows 

them to solve various conflicts at once, and prevent new conflicts from appearing.  

The architecture of agents in the MAPBOT system has two levels. The top level is a house-

keeping agent that controls the process flow and monitors the overall condition of 

optimization, such as the number of remaining conflicts and the elapsed process time. At 

the lower level, each map feature has a map agent that has a sensor to check its 

environment, a communicator to send requests or responses, and the ability to move itself 

into a new position. 

 

AGENT 
MACRO 
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2.8 Discussion   
Generally speaking, research works focused on the creation of maps and often neglected 

map use and map users (van Elzakker 2004). Consequently, the map-maker expresses a 

geographic reality that does not always meet users’ expectations. This situation usually 

leads to a gap between provided maps and expected maps. This gap, in turn, expresses the 

difference between the cartographer’s reality and the map user’s reality (Figure 2.23). It is 

the sub-content of the map that is needless for the user or/and misinterpreted by him. This 

gap may also occur since it is difficult to take into account users’ constraints, as well as to 

make assumptions about several technical constraints. 

 

Figure 2.23 Model of cartographic communication (Kolácný 1977) 
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In order to improve the usability of a map, it is essential to reduce the gap between what is 

provided (PM in Figure 2.25) and what is expected (EM in Figure 2.24). Let us call MU25 = 

(PM ∩ EM), UC = PM – MU and UD26 = EM – MU. UC expresses the unusable content of 

the map. This content is misunderstood by the map user, or contains data which is 

irrelevant for him. Its generation represents a wasted effort by the map-maker and leads to 

an additional waiting time for the user. Consequently, its elimination should speed up the 

generation of the required map without decreasing its usability. Furthermore, UD represents 

the user’s dissatisfaction with the provided map. This dissatisfaction can be explained by 

the fact that the user did not find some expected information on the map, or could not 

understand some of the provided information. Moreover, the usability of a given map (MU) 

represents what is shared by the provided map and the expected one. This usability does not 

always express the reality. Indeed, it is possible that the map-maker and map-user have a 

common misinterpretation of the reality. For example, they may not be able to determine 

the type of some national security buildings whose identities are kept secret.  

In order to generate maps with a better content, a desirable goal is to provide spatial data 

that meets, as much as possible, the user’s expectations (Figure 2.25). This goal can be met 

if map-makers better understand what users want, how they interpret space and reason 

about it. It is important for map-makers to take advantage of the studies concerning spatial 

cognition and spatial reasoning in order to improve map personalization. Furthermore, they 

need to conduct more research in order to better integrate users’ preferences, profiles, 

contexts, and cultural backgrounds during map generation.        

 

 

 

 

 

 

 

 

                                                 
25 MU: Map Usability.  
26 UD: User Dissatisfaction. 
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Figure 2.24 Distortions between what is provided and what is expected 

 

 

 

 

 

 

 

 

 

Figure 2.25 Toward the improvement of personalization of maps’ contents 

 

Due to the existing gap between provided maps and expected maps, users are not always 

satisfied with web maps (Elzakker 2001). Of course, they may have the possibility to 

personalize the provided maps at the destination (i.e. when they are displayed) using 

different functions such as pan, zooms and drills. However, there is a need for a system 

which is able to personalize the maps at the source, at the time of their creations. In order to 

meet users’ expectations, the map generation process must be able to cope with as many 

constraints (see Figure 2.11) as possible in real-time. Currently, representation-oriented 

approaches are not able to provide flexible on-the-fly web maps since they do not 
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efficiently support users’ needs.  However, processing-oriented approaches are more 

flexible, but still take a lot of time to provide the required maps with respect to acceptable 

delays.  

The use of multiple representation to tackle the complexity of some generalization 

operators may improve the flexibility of the provided maps and speed up their generations. 

However, the existing research works that combine cartographic generalization and 

multiple representation (i.e. GiMoDig, GenDem, UMapIT combined with the SGO 

concept) still require improvements. Indeed, the UMapIT application entirely relies on 

multiple representation to simulate on-the-fly generation. In order to reduce the complexity 

of the spatial database, UMapIT will be extended by adding on-the-fly generalization 

transformations using the SGO concept. This extension is not carried out yet. In addition, 

the SGO concept is still under development. The identification of the real-time 

transformations to be applied by the SGO to spatial objects is not yet fixed. In addition, the 

GiMoDig project and the GenDem project use prefixed sequences of cartographic 

generalization operators in order to carry out on-the-fly transformations. These prefixed 

sequences may not be suitable to generalize any map configuration. They may also prevent 

the improvement of the personalization of the content of the provided maps.     

Furthermore, since on-the-fly generalization process still requires a lot of time with respect 

to delays acceptable to users, a suitable approach should better tackle on-the-fly map 

generation constraints according to an order of priority which depends on users’ 

expectations and on map’s scale, goals and context of use. This approach should also better 

focus on important objects that enable users to understand the map, especially because 

display screens have reduced sizes. In order to reach this goal, an appropriate approach 

should have sufficient autonomy to decide what to do, when to do and how to do the 

relevant processing during map generation. This autonomy can be found in the multiagent 

paradigm.         

Recent research works, especially in automatic cartographic generalization, showed a 

growing interest in using multiagent systems, due to the multiple advantages they offer. 

Thanks to their autonomy, software agents permit the development of systems which are 

able to determine the relevant transformations necessary for spatial objects, and to 

automatically generate the required maps. The AGENT project was the first work that 
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examined automatic cartographic generalization using multiagent systems. Although it 

provided good outcomes, the hierarchical structure of the multiagent system is not always 

appropriate. In rural areas, it is difficult to distinguish disjoint groups of objects, and 

consequently, to categorize them into micro, meso, and macro objects. What’s more, the 

proposed approach which focuses on cartographic aspects, is not necessarily suitable to the 

context of web-mapping services. It does not generate personalized maps and it requires a 

large amount of time and high-performance GIS in order to produce the required maps. 

Furthermore, the multiagent-based approach proposed by Maozhen et al. (2002) is only 

based upon the displacement of objects in order to solve spatial conflicts. This approach 

does not always result in a legible map.  

 

2.9 Conclusion    
To summarize the main issues related to on-the-fly map generation, we can say that: 

- Currently, on-the-fly web-based maps lack flexibility with respect to users’ needs and 

preferences.  

- On-the-fly map generation is a holistic process which needs to tackle several 

constraints. In order to overcome these restrictions, it is important to prioritize the 

challenges to be addressed. 

- The use of multiple representation associated with cartographic generalization may 

alleviate the on-the-fly map generation.  

- Currently, there is no method that attempts to find a compromise between map 

generation and map transfer in order to speed up the delivery of maps to users. Indeed, 

existing approaches either focus on the generation of maps or on their transfer to users.  

- Multiagent systems provide numerous advantages to real-time map generation. They 

may provide the necessary autonomy and flexibility to improve the personalization of 

maps at the time of their creations. 

- An approach based upon the use of multiagent systems, cartographic generalization, 

and multiple representation has a good potential to improve on-the-fly map generation.  
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Considering these remarks about the current state of the art on on-the-fly map generation 

process, it is obvious that much more research is still required in order to improve this 

process. As previously mentioned, the resolution of all on-the-fly web mapping challenges 

goes beyond the scope of this dissertation. Nevertheless, we are particularly interested in 

finding ways to solve spatial conflicts that may occur during the generation of maps. In 

fact, we are convinced that the personalization and usability of maps can be improved 

during the resolution of spatial conflicts. Hence, we devote the next chapter of this 

dissertation to a review of research works that addressed the problem of solving spatial 

conflicts.  
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Chapter 3  

Spatial conflict resolution   
 

Spatial conflicts are underlying problems of on-the-fly map generation, which may occur 

primarily due to a lack of space on display terminals. These problems have been addressed 

by many researchers. In this chapter, we present several research works related to this issue 

and discuss their effectiveness. In addition, since spatial conflict and label placement are 

similar problems, we give an outline of research that addressed the placement of labels in 

maps and compare it to the research that addressed spatial conflict resolution.  

 

3.1 Causes and outcomes of spatial conflicts    
Displaying maps on screens of reduced sizes may diminish their legibility (Figure 3.1). Due 

to a lack of space for the representation and display of the entire data of a given geographic 

space, some spatial objects, such as buildings, may be scaled-down or eliminated. In 

addition, sizes of other objects and symbols should be exaggerated in order to be larger 

than a certain minimum size, which depends upon the display resolution. Consequently, 

certain spatial objects and symbols may overlap. Overlapping expresses spatial conflicts 

between objects and symbols. We can distinguish two types of spatial conflicts: internal 

conflicts and external conflicts. Internal conflicts are related to parameters, such as 

legibility and granularity of spatial objects. However, external conflicts are related to 

proximity and overlapping with nearby objects.    

Spatial conflicts complicate the on-the-fly map generation process which must determine 

the relevant objects to be represented, how to represent these objects, and how to place 

them. Due to a limited display space, spatial objects and symbols may be regarded as 

competing for the occupation of this limited space. In this case, spatial processing boils 

down to the resolution of conflicts between overlapping spatial objects.  
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Figure 3.1 Decrease of map legibility further to scale reduction 

 

3.2 Challenges of spatial conflict resolution  
In order to solve spatial conflicts, it is important to detect and assess their scopes. It is also 

important to determine which actions are appropriate to apply to spatial objects. These 

actions must cope with the various constraints of on-the-fly map generation (c.f. Chapter 2, 

Figure 2.11). They must permit the selection of the relevant objects to be displayed on the 

map with respect to its scale and purpose. They must also allow for the best representations 

and placements of these objects. Meanwhile, these actions must maintain spatial 

relationships between objects as much as possible.  

A rigorous approach for solving spatial conflicts must answer numerous questions, such as:  

- Which spatial objects must be kept and represented on the required map, and on 

which basis are these objects chosen?  

- Which are the suitable representations (geometric, graphic, and semantic) for each 

spatial object? 

- Which cartographic generalization operators should be used to manage the spatial 

objects, and in which order should they be applied? 

- Which are the algorithms that implement the different operators, and what level of 

accuracy do we expect from these algorithms?  

- How can the conflict resolution approach deal with technical constraints during 

spatial conflict resolution? 

- How can the conflict resolution approach support users’ constraints during spatial 

conflict resolution?    
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- How to assess the final solution obtained after the resolution of spatial conflicts, 

especially since cartographic generalization exists halfway between art and science? 

 

3.3 Spatial conflict resolution approaches  
Spatial conflicts have been addressed by several research works that were essentially based 

upon the displacement of spatial objects (Mackaness 1994, Ruas 1998, Wilson et al. 2003, 

Ware et al. 2002, Harrie 1999, Maozhen et al. 2002, etc.). By using the displacement 

operator, the original shapes of spatial objects are preserved. Consequently, the loss of 

spatial information is reduced. In order to implement a displacement-based approach, a 

strategy is needed to determine the directions and distances of movements, as well as to 

control and manage the propagation and outcomes of displacements. A proximity search 

procedure is also required in order to detect conflicts.  

In addition to the use of displacement for spatial conflict resolution, several research works 

(Duchêne 2003, Ware et al. 2003, Ruas 1999, etc.) proposed the use of multiple 

cartographic generalization operators, such as elimination, amalgamation, and size 

reduction. The use of these operators is important particularly because displacement may 

not lead to the expected solution within an acceptable computational time. Furthermore, the 

displacement of some objects may result in redundant spatial configurations given that 

certain objects may be moved and then shifted back again. Moreover, displacement may 

lead to bottlenecks when there is not enough free space to which objects can be moved.  

In this section, we present and discuss the different approaches that have addressed spatial 

conflict problems: genetic algorithm-based approach, tabu search-based approach, 

simulated annealing-based approach, force-based approaches, least squares adjustment-

based approach, incremental displacement approach, and multiagent-based approaches. 

3.3.1 Genetic algorithm-based approach  
Genetic algorithms are adaptive search methods based upon the genetic evolutionary 

process within biological organisms. They start with an initial population and modify it 

until an acceptable one is created. Genetic algorithms were applied to spatial conflict 

resolution by Wilson et al. (2003). Their approach (Figure 3.2), based upon displacement, 

uses a spatial index with a simplified data structure search procedure in order to quickly 
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identify conflicting objects. The approach considers that a conflict occurs when the 

minimum separating distance between two objects is less than a predefined threshold. In 

order to solve conflicts, the proposed approach introduces the concept of a displacement 

vector template, within which an object may be moved. This template delimits the area 

beyond which an object cannot be moved.  

 

 

 

 

 

 

 

Figure 3.2 Genetic algorithm Evolution Procedure (Wilson et al. 2003)  

 

At each step, the genetic algorithm-based approach tries to find and move an object to the 

appropriate position in order to solve an existing conflict. Since the space may contain n 

objects, which can be moved to k possible positions, the approach must find the appropriate 

position to which an object may be moved within nk possible configurations of the map. 

Hence, the search time for the appropriate position increases considerably when n and k are 

greater. Moreover, the displacement method used by Wilson et al. (2003) works well when 

there is plenty of free map space to where objects may be moved. This condition is not 

always guaranteed, especially because maps may be compact and will likely be displayed 

on screens whose sizes are reduced. These drawbacks make the genetic algorithm-based 

approach proposed by Wilson et al. (2003) inappropriate to real-time spatial conflict 

resolution, in the context of on-the-fly map generation.   

3.3.2 Tabu search-based approach  
Ware et al. (2002) proposed an approach based upon the displacement of multiple map 

objects in order to solve spatial conflicts. This approach moves spatial objects according to 

a trial position approach that enables the system to determine the best displacements to 

enact among a set of predefined positions (Figure 3.3). These displacements result in a new 
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spatial configuration that may have fewer conflicts than the previous one. In this 

configuration, some spatial conflicts may be solved, however, others may appear, or even 

reappear. In order to avoid returning to an earlier configuration, the approach proposed by 

Ware et al. (2002) tries to prevent those displacements classified as illegal, or tabu. This 

goal can be achieved since this tabu approach memorizes both the short-termed and long-

termed history of moves. Hence, a move may be classified as tabu if the reverse act has 

neither been made recently or frequently.  

The tabu search method begins with an initial solution, and thereafter, determines a 

sequence of solutions by a number of successive displacements. It stops when a given 

threshold for an acceptable solution has been reached, or when a certain number of 

iterations has been completed (Ware et al. 2002). The authors do not give details about 

what they consider to be an acceptable solution. Moreover, there is no guarantee that the 

space configuration obtained following a pre-defined number of iterations, is optimal. In 

fact it is possible that, some conflicts may still exist in this final configuration. 

Furthermore, the complexity of the search for an optimal space configuration increases 

considerably with the number of spatial objects and the potential positions they may 

occupy. These drawbacks make the approach slow and not always the most efficient at 

solving spatial conflicts. Finally, we conclude that the proposed tabu search-based approach 

is not suitable for on-the-fly spatial conflict resolution.     

 

 

 

 

 

 

 

Figure 3.3 Example of trial positions associated with a modifiable object (Ware et al. 2002) 
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3.3.3 Simulated annealing-based approach  
Simulated annealing, whose name and inspiration come from annealing in metallurgy (a 

technique involving the heating and controlled cooling of a material, so as to increase the 

size of its crystals, while also reducing their defects), is an example of an iterative 

improvement technique. It is a generic, probabilistic meta-algorithm, used to find a good 

approximation of the global optimum of a given function in a large search space. It can be 

applied to minimisation or learning processes based upon successive update steps.  

Ware et al. (2003) used the simulated annealing technique in order to reduce spatial 

conflicts during automatic map generalization. They proposed an approach based upon the 

use of multiple generalization operators, such as displacement, exaggeration, deletion, and 

size reduction, to guarantee that constraints of proximity and size are met during conflict 

resolution (Figure 3.4).  

 

 

 

 

 

 

 

Figure 3.4 Reducing scale causes conflict that can be solved by a combination of object 
displacement, size enlargement, size reduction, and deletion (Ware et al. 2003) 

 

Any spatial object may occupy k possible positions, which correspond to its original 

position, displaced position, enlarged position, reduced position, displaced and enlarged 

position, and displaced and reduced position. Therefore, at every step of spatial conflict 

resolution, the approach proposed by Ware et al. (2003) identifies the best, or at least an 

acceptable, space configuration. This configuration is looked for among nk possible map 

configurations when the space contains n spatial objects. Consequently, the search function 

for the best, or at least for an acceptable level of spatial configuration, is time-consuming.  

Furthermore, the authors of the simulated annealing-based approach presented different 

results obtained by applying varied generalization operators according to predefined 

Reduce scale 
Displace, reduce, enlarge 
and delete objects 



 74
 

sequences. These sequences depend upon specific costs assigned to operators. The first 

shortcoming of the proposed approach concerns the fact that the algorithm may result in 

excessive displacements and unreasonable reductions of building features. A second 

problem is related to the fact that some operators, such as deletion, are applied only to a 

single object at any given time. This means that additional time is required to apply these 

operators to several other objects. Therefore, this approach is not suitable for on-the-fly 

spatial conflict resolution.       

3.3.4 Force-based approaches  
Several researchers tried to use a force-based approach (Figure 3.5) in order to solve spatial 

conflicts. Here are some of these approaches: 

 Bobrich (1996) suggested a spring model for the displacement of roads. This model 

represents the constraints by different types of springs, varying in stiffness (Figure 3.5). 

This approach handles several parameters, such as positional accuracy (Sp), the elongation 

of segments (Se), and the change of angularity (St).  

Unfortunately, this approach may fail if there is not enough free space. Indeed, when the 

density of objects is high, roads cannot be moved without applying some types of 

transformation to buildings. Furthermore, the stiffness of springs, which represents the 

numerous constraints, must be carefully identified since they trigger the displacements.   

 

 

 

 

 

 

 

 

Figure 3.5 (left) Polygon displacement interpreted as object deformation in a force field (Bader and 
weibel 1997), (right) Spring model (Bobrich 1996) 
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 Hojholt (1998) proposed an approach that interprets map space as a deformable material, 

wherein different objects compete for space. His approach proposes an algorithm that 

intends to displace buildings due to increased road symbol width, which pushes the 

partition boundary towards its interior space and may compress this space, as well as the 

buildings it contains. The algorithm takes into account the propagation of displacement into 

the neighbourhood, but does not take new conflicts into consideration.  

In order to model the spatial conflict problem, Hojholt (1998) proposed an approach based 

upon the Finite Element Method (FEM), which is used in most engineering domains to 

solve differential equations. His approach assigns different stiffness values to spatial 

objects. Spatial conflict resolution is then done according to the forces that an object exerts 

upon its neighbors, as well as the forces it undergoes from these same neighbors. A 

significant shortcoming of Hojholt’s approach is related to its efficiency. The method does 

not guarantee that all conflicts will be solved in the end, especially when the environment’s 

resistance is too high. Furthermore, the proposed approach does not provide enough details 

about how additional cartographic constraints can be supported by the model (Bader 2001).   

 

 Burghardt and Meier (1997) proposed a snake approach to displace linear elements (e.g. 

roads and rail networks) in maps in order to solve existing spatial conflicts. Snakes, also 

called active splines, are used in pattern recognition to detect fuzzy object contours. In this 

approach, lines are attached to an object in an energy minimizing way (attraction). Each 

line undergoes an outer energy that comes into play when a line segment is too close to 

another (potential for displacement), and an inner energy, which is generated when the 

shape of a line is distorted. The optimal shape and position of the displaced lines are given 

when their energy is minimal. Burghardt (2000) enriched this model by introducing one 

weighting factor that forces lines forming junctions to intersect in an orthogonal way, and a 

second weighting factor that allows changing the magnitude of displacement regarding an 

object’s importance. 

In addition to the disadvantages of the unique use of displacement to solve spatial conflicts, 

the snake approach is limited to linear elements. Therefore, buildings are not supported. 

Consequently, this approach is also not suitable for on-the-fly spatial conflict resolution. 
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3.3.5 Least squares adjustment-based approach  
The idea is to solve spatial conflicts by modeling different constraints using mathematical 

expressions. In this context, a least squares adjustment technique, which is widely used in 

surveying engineering and photogrammetry, has been used by several researchers (Harrie 

1999, Sarjakoski and Kilpelainen 1999, Sester 2000) whose approaches aim to globally 

reduce all spatial conflicts.  

The approach proposed by Harrie (1999) makes the assumption that a good solution can be 

found for the entire map if we sum up the local corrections caused by local constraints, 

which are weighted by their importance (Bader 2001). In the first step of the proposed 

approach, a series of geometric and topological constraints, such as stiffness of buildings 

and road intersections, are expressed as linear functions of the object coordinates. In the 

second step, these equations are assembled, expressing the displacement problem as a 

linear equation, which is then solved in order to identify the displacements required to solve 

spatial conflicts. Since the linear equation may not have a unique solution, the approach 

tries to find the best solution which has to agree, as much as possible, with the constraints.  

The least squares adjustment seems to be an interesting technique to use in spatial conflict 

resolution. However, since the proposed approaches are only based upon displacement, 

they permit the reduction of spatial conflicts, without solving all of them. Sester (2000) 

combines the use of simplification and the displacement of buildings, in order to solve 

generalization problems. As she stated, it is necessary to use more cartographic 

generalization operators than displacement and simplification, in order to get better results. 

Otherwise, since some of the real-time spatial conflict constraints cannot be settled 

beforehand (e.g. constraints related to users’ preferences), these constraints are difficult to 

express by a linear equation. Diverse weights are assigned to the constraints of spatial 

conflicts by the least squares adjustment approaches. However, handling these different 

weights may be problematic (Bader 2001).     

3.3.6 Incremental displacement approach 
Ruas (1998) proposed an incremental displacement approach that consists of first treating 

the objects producing the greatest conflicts. Her algorithm recursively displaces buildings 

with the greatest proximity conflict. When these objects are treated, their positions are held 
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fixed during subsequent processing. Displacements of buildings are guided by constraints 

regarding their shapes, their absolute positions, their minimal distance, and their relative 

positions.  

The main challenge of this approach is to define a sequence according to which buildings 

will be treated. Furthermore, the algorithm fails when there is not enough available space to 

perform a correct displacement. It also fails in simpler cases when the sequence of 

displacements is inappropriate (Ruas 1998). Therefore, we conclude that the incremental 

displacement approach is not suitable for on-the-fly spatial conflict resolution.  

3.3.7 Multiagent-based approaches  

3.3.7.1 The AGENT project  
In the context of the AGENT project (Ruas 1999, Lamy et al. 2001, Duchêne and Ruas 

2001), the geographic objects are transformed into the decisional entities of the 

generalization system. These entities are software agents whose goals are to satisfy, as 

much as possible, their private cartographic constraints. In order to solve a given spatial 

conflict, an agent tries to cope with its own constraints related to different factors, such as 

legibility and position. These constraints are classified into two categories: constraints that 

trigger the generalization process and those that try to prevent the degradation of the initial 

data.  

In the context of the AGENT project, the constraints are transformed into objects that act as 

advisers for their relative agents. Every constraint indicates to its agent the possible 

operations that enable this constraint to be satisfied. The agent synthesizes the propositions 

obtained from all its constraints and chooses the best actions to carry out.  

When one or more constraints involve several agents, these agents turn towards their meso 

agent, which coordinates the resolution of the conflict. In this case, the meso agent orders 

its component agents to perform the required transformations. In this model, no interaction 

is possible between micro agents.  

The hierarchical structure of the AGENT prototype can be applied to maps corresponding 

to urban areas, in which roads structure the space, and where buildings need to be 

reorganized due to their density. However, in rural areas, the configuration of the space 

cannot be easily represented by this hierarchical model. Indeed, the density of objects is 



 78
 

low, and consequently, it is difficult to distinguish disjoint groups of objects (Duchêne 

2003) (Figure 3.6).     

 

 

 

 

 

 

 

Figure 3.6 In contrast with an urban space, rural space does not represent an obvious hierarchical 
structure between spatial objects (Duchêne 2003) 

 

3.3.7.2 Other multiagent-based approaches  
In addition to the AGENT project, some research works have used multiagent systems in 

order to address the resolution of spatial conflicts. These works essentially have been 

carried out by Duchêne (2003), Baeijs (1996), and Maozhen et al. (2002).   

 In order to overcome some limitations of the AGENT prototype for the cartographic 

generalization of rural zones, Duchêne (2003) proposed another organization of agents that 

treats relational constraints. A relational constraint indicates a relation between two 

geographic objects, such as the constraint that forbids the overlapping of symbols. Duchêne 

(2003) proposed an approach that uses a single level of agents. In contrast to the AGENT 

prototype, neighbor agents of this level interact bilaterally in order to solve their spatial 

conflicts. Thanks to its “perception” of a portion of its surrounding space, an agent can 

identify its neighbor agents. This portion of space surrounds the agent with a pre-defined 

radius that is chosen to potentially include all the agents with which relational constraints 

may exist. The distance is chosen according to the characteristics of the database, to 

generalization specifications, and particularly, to the final scale (Duchêne 2003).  

In order to solve its private conflicts, every agent communicates with its nearby agents. 

During this communication, pre-defined scenarios of conversation are used. These 

scenarios are stored in the system. They indicate the sequence of performatives to be 

exchanged between agents. When an agent receives a message, it refers to these scenarios 
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in order to know which responses to give to the message. Furthermore, in order to help the 

agent choose the best response for a given situation, the proposed system stores, for each 

message, the name of the action to perform, as well as the rule that indicates how to choose 

the next message to be sent according to the result of this action (Duchêne 2003). The 

implemented system handles the conflicts that may occur between buildings and roads, as 

well as those between two or more buildings. During conflict resolution, roads are kept 

fixed.            

Duchêne’s spatial conflict resolution approach is based upon predefined scenarios of 

communication. This strategy is not flexible enough since it does not enable the agent to 

choose the best action to perform according to a given situation. Furthermore, the pre-

defined scenarios express the cartographer’s knowledge, which is difficult to automate 

(Rigaux 1994, Plazanet 1995) and model in totality.  

 

 Baeijs (Baeijs 1996) designed a Multi-Agent System using reactive agents. Each vertex 

of a given spatial object is associated with an agent. Each agent has a proximity area within 

which the agent looks for its neighbor agents in order to identify proximity conflicts. Since 

an agent should never be in conflict with the agents from the same geographical object, 

each vertex makes part of a group, identifying all agents of the same object (AGENT 

2003).  

This approach uses repulsion forces that are computed between agents. Each agent tries to 

push the other agents out of its proximity scope. According to these repulsion forces, agents 

are displaced and an equilibrium state is reached. When there is no free space, agents may 

have no possibility to move in order to solve existing conflicts. Hence, repulsion forces 

may be balanced without any guarantee that conflicts have been solved. Furthermore, the 

proposed approach does not support sufficient cartographic constraints to help guide the 

system to a good solution (AGENT 2003).  

 

 Maozhen et al. (2002) proposed a web-based map information retrieval technique to 

search for geographical information using software agents. In this approach, agents 

negotiate with each other in order to determine the best possible moves. This negotiation 

enables them to solve various conflicts simultaneously and avoids new conflicts from 
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appearing. When a conflict is detected between two agents, O1 and O2, O1 can make a 

move away from O2, along the direction of O1/O2. If the conflict remains, O1 makes a 

request to O2 in order to solve the conflict. If O2 can move away from O1, the conflict is 

solved, otherwise, O1 sends a message to an opposite neighboring agent requesting it to 

move away in order to make some free space for it. This displacement-based approach may 

become a bottleneck if no free space is available to solve a given conflict.    

In addition to the shortcomings of the displacement-based approach mentioned above, the 

approach proposed by Maozhen et al. (2002) does not indicate on which basis an agent O1 

selects one of its neighbors to move away when O1 is not able to solve its spatial conflict 

with another agent O2. Consequently, once again this approach is not suitable for on-the-fly 

spatial conflict resolution. 

 

3.4 Outline of research on label placement  
Cartographers tend to place a lot of information on a map, creating a severe competition for 

space between spatial objects as well as between labels. The problem of label placement, 

deciding how to allocate space and what compromises need to be made to optimize the 

quality of the map, is one of the most challenging problems of geographic information 

systems and cartography (Kameda and Imai 2003, Yamamoto and Lorena 2003, Pun-Cheng 

2000, Hong et al. 2005). This problem may be concerned with three types of features: 

points, edges (e.g. roads, rivers) and areas (e.g. countries, lakes). The point labelling 

problem is concerned with placing a label to a point by considering candidate positions 

near the point. The problem of placing labels for edges is concerned with placing a label at 

any location along the edge. Finally, the area label placement can be regarded as a polygon 

containment problem in computational geometry (Kameda and Imai 2003).  

The problem of label placement has been addressed by several research works, which 

concentrate, in the majority of cases, on point labelling (Kameda and Imai 2003). Many 

approaches based on expert systems have been proposed (Doerschler and Freeman 1992, 

Jones and Cook 1989, Ahn and Freeman 1984). These approaches need a large number of 

rules, such those written by Imhof (1975), Alinhac (1962), and Yoeli (1972). In addition, 
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their primary disadvantages are low efficiency and great development costs (Hong et al. 

2005).  

Additionally, some algorithms for automatic label placement used heuristics like the label-

repulsion method (e.g. Hirsch 1982) and the discrete gradient descendent algorithm (e.g. 

Christensen et al. 1995). These heuristics do not accept degenerated solutions and may fall 

into dead loop (Hong et al. 2005). Methods like simulated annealing (Christensen et 

al.1993, Edmondson et al. 1997), evolutionary algorithms (Djouadi 1994, Verner et al. 

1997, Raidl 1998, Preuss 1998), and tabu search (Yamamoto et al. 1999), known for 

successfully solving other hard combinatorial problems, were able to find good solutions. 

However, these solutions addressed only the point labelling problem (Dijk 2001).  

Furthermore, Edmondson et al. (1997) proposed an approach for label placement that 

combines simple cartographic heuristics with stochastic optimization techniques. This 

approach is based on three subtasks: candidate-position generation (generates a set of 

positions which are not necessarily the most suitable one), position evaluation (determines 

the quality of each candidate position using a simulated annealing algorithm), and position 

selection (chooses the best position for every label using an evaluation method). The 

proposed approach needs improvements. Indeed, it does not consider the case when a label 

and a feature are too close so that they can be considered in conflict. In addition, it needs an 

option to delete certain labels or even features in congested areas when no space is 

available wherein to place labels. Wagner and Wolff (1998) proposed a general approach 

that considered all types of features. They reduced the problem to a constraint-satisfaction 

problem by using the features as variables, the candidate positions as their domains and 

overlaps between positions as constraints. Using the proposed approach, additional 

cartographic rules seem difficult to express (Dijk 2001). Kakoulis and Tollis (1998) 

described a method which formulates the problem of label placement in graph theory. This 

method applies a bipartite matching algorithm to the resulting graph. It assigns to each 

candidate position a cost (which can express its adherence to cartographic rules) and 

minimizes the total cost. The method can handle all feature types. However, it seems 

difficult to add additional constraints (Dijk 2001). Fuchs and Schumann (2004) proposed a 
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displacement-based approach to place icons27 on a map. This approach positions icons in 

two stages: pre-processing and positioning. During the first stage, it positions the icons on 

the map using rules concerning cartographic design, without detecting conflicts. During the 

second stage, all detected conflicts are analyzed and processed in a specific order. The 

cycle of conflict detection, sorting, and processing is repeated iteratively until either a 

solution or a minimum of an objective function is found, or an abort criteria is found (Fuchs 

and Schumann 2004).  

Fuchs and Schumann (2004) used bounding circles to approximate the shapes of icons and 

detect conflicts. During one iteration step, conflicts can be solved using one of the 

following strategies: 

- The displacement of icons is done according to prefixed directions. Here, the icons are 

processed sequentially beginning by the icons in the largest area first, as they offer the most 

freedom for displacement, or beginning by icons with least total conflicts.  

- The displacement of icons is carried out using a model of repelling magnetic forces 

(Figure 3.7). If the bounding circles of two icons overlap, an overlap vector is constructed. 

In this case, the displacement of icons is done in the direction of the overlap vector. If an 

icon is in conflict with several icons, an overlap vector is constructed for each of these 

conflicts. The icon is then displaced according to the aggregate overlap vector.  

 

 

 

 

 

 

 

 

 

Figure 3.7 Magnetic force model (Fuchs and Schumann 2004) 

 

                                                 
27 An icon is defined by Fuchs and Schumann as a graphical primitive that encodes the different parameter 
values in visual variables such as size, shape or color. 
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3.5 Relation between research on spatial-conflict 
resolution and label placement  
The label placement and spatial conflicts are similar problems in the sense that both try to 

allocate the reduced space and make compromises in order to optimize the quality of the 

map. These problems have been addressed by several approaches using the same 

techniques such as expert systems, simulated annealing, tabu search, force-based, and 

genetic algorithms. However, despite their similarities, they have several distinctions. 

Indeed, on the one hand, objects cannot be placed anywhere during the resolution of spatial 

conflicts. They must respect their spatial relationships with nearby objects in order to 

represent the reality accurately. On the other hand, labels have more freedom to move since 

they can be placed anywhere around a point, along an edge or in an area. Furthermore, in 

contrast with labels, objects have less rotation freedom. Indeed, the rotation of an object is 

very limited since one goal is to maintain its spatial relationships with nearby objects. 

However, labels can be rotated with more freedom in order to optimize the quality of the 

map. If the labels’ lengths remain long to be placed correctly, one possible solution is to 

use a database containing long names, short names, and abbreviations as proposed by Pun-

Cheng (2000). The author proposed an approach for bilingual name placement that tries 

first to place the long name. If it fails, it places the short name. Otherwise, it places the 

abbreviation. This approach can be compared to the use of multiple representation to solve 

spatial conflicts between spatial objects. 

 

3.6 Discussion  
Displacement has been widely used by several research works in order to solve spatial 

conflicts and to maintain minimal distances between spatial objects. By measuring the 

distances between objects, and comparing them to a pre-defined threshold, it is possible to 

assess the quality of moves, and therefore to identify the best configuration of the available 

space. However, when the space contains n objects that may have k possible positions, the 

search function must look for the best solution among nk possible configurations of the 

space. Such a search function has been used by the approaches proposed by Ware et al. 

(2002), Wilson et al. (2003) and Ware et al. (2003). In addition to the complexity of the 
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search function, as well as its slowness, we emphasize that these approaches perform many 

moves needlessly, or randomly, on the basis of a set of pre-computed positions for each 

object. Useless moves make the approach time-consuming, while random moves do not 

necessarily lead to optimal solutions. These shortcomings make the proposed approaches 

inappropriate within the context of on-the-fly spatial conflict resolution. 

The force-based approaches (Bobrich 1996, Hojholt 1998, Burghardt and Meier 1997, 

Burghardt 2000) hopefully trigger displacements in the direction of the best solution. They 

reduce the number of moves in comparison to a simulated annealing approach, but 

complicate the algorithm given that more cartographic reasoning enters into the solution 

(Bader 2001). Alternative approaches used other techniques, such as least square 

adjustment (Harrie 1999, Sarjakoski and Kilpelainen 1999, Sester 2000) and finite element 

analysis (Hojholt 1998). These approaches seem to be promising; however, time 

performance reports do not indicate their superiority for on-the-fly spatial conflict 

resolution (Maozhen et al. 2002).  

In conclusion, displacement-based approaches (Ware et al. 2002, Wilson et al. 2003, Harrie 

1999, Sarjakoski and Kilpelainen 1999, Hojholt 1998, Bobrich 1996, Burghardt and Meier 

1997, Burghardt 2000) are not sufficient for on-the-fly spatial conflict resolution. In 

addition to displacement, we need more generalization operators in order to solve spatial 

conflicts. Sester (2000) combined building displacement and simplification; however, more 

cartographic generalization operators, such as size reduction, amalgamation, and 

elimination are needed. Ware et al. (2003) proposed a simulated annealing approach that 

makes use of multiple cartographic generalization operators. Nevertheless, the slowness of 

their approach makes it unsuitable for real-time spatial conflict resolution.  

As mentioned in Chapter 2, the existing on-the-fly map generation approaches lack 

flexibility. Since this procedure boils down to spatial conflict resolution, an efficient 

approach should take into account users’ needs, preferences and contexts during conflict 

resolution. Unfortunately, such an approach does not exist yet. This approach needs 

mechanisms to check the current configuration of the space as well as mechanisms to plan 

and apply, in real-time, the suitable transformations to spatial objects. In order to reach this 

goal, the system responsible for the map generation should have the autonomy to identify 

and to perform relevant actions according to environmental changes.  
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Several research works (Baeijs 1996, Duchêne 2003, Maozhen et al. 2002, Ruas 1999, 

Barrault et al. 2001, Duchêne and Ruas 2001, etc.) used a multiagent system approach that 

provides the required autonomy to improve the current approaches of spatial conflict 

resolution. The AGENT project had interesting results with the use of multiagent systems 

to automate the cartographic generalization process. It incorporated a strategy that aims to 

solve conflicts. This strategy describes the desired final characteristics of the feature, but 

does not describe in detail how certain conflicts should be solved. For example, the system 

may incorporate the constraints that no building should be smaller than a certain size, that it 

should not be closer than a certain distance to another building and that it must not be 

moved by more than a certain distance from its original position (Hardy and Meyer 2003). 

In addition, the proposed approach does not take into account users’ constraints (cf. Figure 

2.10) Furthermore, all existing multiagent-based approaches which examined spatial 

conflict resolution, lack flexibility, are time-consuming or do not always result in the 

resolution of all existing conflicts. Consequently, these approaches are not suitable for real-

time spatial conflict resolution.  

To summarize the main issues related to research works that have attempted to solve spatial 

conflicts, we can say that: 

 Displacement-based approaches are generally slow. They may result in bottlenecks when 

not enough free space is available and may not solve all the conflicts. They help reduce 

spatial conflicts but do not guarantee that all conflicts will be solved. Therefore, they are 

not suitable for real-time spatial conflict resolution. 

In addition to displacement, spatial conflict resolution needs more cartographic 

generalization operators such as elimination, size reduction, and amalgamation.  

Several cartographic generalization operators used in spatial conflict resolution are time-

consuming. In the context of on-the-fly map generation, light implementations of these 

operators are required. The use of multiple representation may provide an interesting 

solution to reducing processing time. Currently, no existing approach for spatial conflict 

resolution combines the use of cartographic generalization and multiple representations.  

Every spatial object can be represented by a geometric representation, a graphic 

representation, and a semantic representation (Martel 1999). None of the existing 

approaches that tried to solve spatial conflicts supports these three types of representations 
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that spatial objects may have. Instead, these approaches essentially involve the geometries 

of spatial objects. However, in different kinds of maps, such as tourist maps, the semantic 

or graphic representation of some objects are more meaningful than their geometric 

representations. Therefore, in order to improve the flexibility and usability of maps, it is 

necessary to take into account the different types of representations of objects that exist 

during spatial conflict resolution. It is also necessary to identify the best representation to 

use according to the contextual use of the map. 

All the approaches proposed to solve spatial conflicts lack flexibility with respect to users’ 

needs. Indeed, the resolution of spatial conflicts does not take into consideration users’ 

requirements, preferences, and context. In contrast, they focus on proximity conflicts (e.g. 

Ware and Jones 1998, Burghardt 2000, Ruas 1999). Therefore, a spatial conflict resolution 

approach is required to adapt the content of the map to a user’s need in real-time.  

 Almost the same approaches used for spatial conflict resolution have been used for label 

placement. Generally, these approaches resulted in better outcomes in the case of label 

placement especially since labels can be placed with more freedom than objects.   

 Multiagent-based approaches provide more flexibility than others when wanting to fully 

automate spatial conflict resolution. Autonomous agents help avoid human intervention 

during cartographic generalization, as well as enabling a real-time adaptation to the 

environment’s changes. Current multiagent systems-based approaches require 

improvements in order to solve spatial conflicts on-the-fly. An adequate use of multiagent 

systems should alleviate the real-time spatial conflict resolution.  

 

3.7 Conclusion   
On the basis of our discussions in this chapter and in Chapter 2, we retain the idea that 

using multiple generalization operators are necessary in order to tackle the problems of 

spatial conflict resolution and on-the-fly map generation. However, due to their time-

consuming character, light implementations of these operators are required. We also retain 

the idea that the use of multiple representation may provide an interesting solution in order 

to reduce processing time. Furthermore, we think that multiagent systems can contribute to 

better support spatial conflict resolution and on-the-fly map generation processes, 
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especially thanks to their autonomy. Approaches based on such systems obtained promising 

results. Nevertheless, more research works are required in order to improve their 

performances. 

In the light of our discussions, we intend to address spatial conflict resolution and on-the-

fly web map generation using an approach that combines the use of cartographic 

generalization, multiple representation and multiagent systems. In order to reach our goal, 

we need to achieve two main tasks: data preparation and data generation. Data preparation 

is concerned with preparing spatial data so that it supports multiple representation. Data 

generation is concerned with identifying the approach according to which data will be 

generated. Since we intend to implement this approach using a multiagent system, we need 

to determine the agents that compose this system, their responsibilities, knowledge, 

competencies, as well as how they will interact in order to solve spatial conflicts and 

generate the required map. 
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Chapter 4  

Spatial data modeling and generation    
 

 

 

In Chapter 2, we discussed the state of the art of the on-the-fly web map generation. We 

mentioned the aspects that should be improved and underlined the challenges that must be 

overcome in order to improve these aspects. Among these challenges, spatial conflicts can 

be though of as the harder problem, especially because of the reduced sizes of display 

screens. In Chapter 3, we focused on the resolution of this problem. We made the link 

between deciding how to allocate space to objects and the improvement of the maps’ 

contents so they can meet users’ expectations. In order to solve spatial conflicts, and 

therefore, to generate the required maps, we announced in Chapter 3 that we intended to 

address these tasks using an approach which combines the use of cartographic 

generalization, multiple representation and multiagent systems. In order to reach our goal, 

we divide our work into three main parts: data preparation, map generation and map 

transfer. Data preparation is related to the enrichment of the spatial database using multiple 

representations and data at different scales. The generation of map concerns the approach 

used to produce the required maps according to users’ needs and preferences. The map 

transfer deals with the strategy used to transmit maps to users especially when connection 

rate and bandwidth are low.  

This chapter is divided into two parts: data modeling and data generation. In the first part, 

we describe the models of our spatial data and the enrichment of our spatial database. In the 

second part, we describe how we generate and transfer maps to users according to our 

innovative approach called progressive map generation by layers of interest.    
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4.1 Spatial data modeling 

4.1.1 What is a data model? 
The real world is a tremendous source of useful information for human beings. This 

information may be static (buildings, lakes, mountains, etc.), dynamic (temperature, human 

activities in a given city, etc.), related to events (storms, earthquakes, etc.), etc. Keeping 

track of this important information helps improving people’s life. Geographic Information 

Systems (GIS) are a special class of information systems that keep track of events, 

activities and things as well as the locations where they happen or exist (Longley et al. 

2002). In order to set up such systems, we need to model the real world into data models. A 

data model is a set of constructs for describing and representing selected aspects of the real 

world in computer (Longley et al. 2002). Since the real world is infinitely complex, its 

representation requires to make difficult choices concerning what aspects to represent and 

how to model them. Due to the varieties of choices, several data models of the real world 

may exist according to users’ needs and the characteristics of the geographic space.  

The representation of the real world may be done according the four levels of data model 

abstraction (Longley et al. 2002). The first level is the reality. It includes the real-world 

phenomena (e.g. buildings, roads, lakes, people, etc.). It also includes all aspects that may 

or may not be perceived by individuals or that are considered relevant to a particular 

application. The second level is the conceptual model. It is a partially structured model 

made up of selected objects and processes that are deemed to be relevant to a specific 

domain. The third level is the logical model which is derived from the conceptual model. It 

expresses the reality with diagrams. The fourth level is the physical level. It describes the 

use of the data already modelled. It is often structured and stored in files and/or databases 

(Figure 4.1). 
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Figure 4.1 Levels of data model abstraction 

 

4.1.2 Types of GIS data models 
In the literature we can find several GIS data models such as CAD28 data model, computer 

cartography data model, image data model, raster data model, vector data model and object 

data model.  

- CAD data model: The earliest GIS were based on very simple models derived from works 

in the fields of image analysis, CAD and computer cartography. In a CAD model entities 

are symbolically represented as simple points, lines and polygons (Longley et al. 2002). 

This model has three main problems: (i) it typically uses local drawing coordinates instead 

of real-world coordinates to represent objects, (ii) the identification of individual objects is 

difficult since they do not have unique identifiers and (iii) it focuses on the graphical 

representation of objects and does not store details of any relationships between objects.     

- Computer cartography: It aimed to automate the production of maps and the creation of 

simple thematic maps. The idea was to digitize and store paper maps on computer for 

subsequent printing. Like CAD systems, it is difficult with computer cartography data 

models to identify objects and to work with objects relationships.  

- Image model: It is a simple model which is still used by GIS despite its limitations. It 

uses scanned pictures of real-world objects. It handles these pictures using rasters or grids.  

                                                 
28 CAD: Computer Aided Design   
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- Raster model: It uses an array of cells (pixels) to represent the objects of the real world 

(Figure 4.2). This array is made up of grid values with metadata about the array. This 

metadata typically includes the geographic coordinate of the upper-left corner of the grid, 

the cell size, and the number of rows and column elements. The raster model is widely used 

for analytical applications such as disease dispersion modelling and surface water flow 

analysis (Longley et al. 2002). 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Example of raster representation 

 

- Vector model: In a vector model all lines of an area are captured as a polygon which is a 

series of points or vertices generally connected by straight lines (Figure 4.3, left). This 

model needs to specify the locations of the different points that form the polygon. The 

vector model is widely implemented in GIS. Its popularity is due to the precise nature of its 

representation method, its storage efficiency and the quality of its cartographic output 

(Longley et al. 2002). The vector model represents each spatial object as a point (e.g. 

wells), a line (e.g. roads) or a polygon (e.g. buildings) (Figure 4.3, right). 
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Figure 4.3 (left) A polygon approximation of an area, (right) Representation of point, line and 
polygon objects using the vector data model (Longley et al. 2002) 

 

- Object data model: The data models previously mentioned focus on the geometry of 

objects and express the real world as a collection of points, lines and polygons. These 

models do not enable to represent spatial objects which have large numbers of proprieties 

and complex relations with nearby objects. In addition, all the spatial transformations to be 

applied to spatial objects need to be created in separate procedures. This separation between 

data and processes makes software and database development tedious, time-consuming and 

error prone (Longley et al. 2002). The object data model was the solution proposed to 

overcome these limitations. Each object contains the proprieties of a specific spatial object 

and several methods that enable to handle this object. The geometry of the spatial object is 

considered as an attribute of the object. The object data model enables designers to model 

relationships between the spatial objects. These relationships are modeled through 

inheritance mechanisms between classes of objects. Three types of relationships are 

commonly used in object data models: topologic relationships (mathematical relationships 

used to validate the geometry of vector entities, to test polygons adjacency, etc.), 

geographic relationships (based on geographic operators such as overlap, adjacency, and 
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inside that determine the interaction between objects) and general relationships (rules to 

maintain database integrity and to enforce validation constraints).   

4.1.3 Spatial ontology  
A spatial ontology enables us to express a given geographic space by storing spatial objects 

in a structured and ordered way. Fundamentally, two complementary approaches exist to 

construct an ontology that expresses the same spatial information under different aspects 

(Bera 2004). The first type of ontology is SNAP. It is a photography of the considered 

situation at a given instant. The entities of the real world are structured with no time 

consideration. Time is supported in the second type of ontology called SPAN. In this 

ontology type, it is possible to describe a particular situation at different times with 

different SNAP, then integrate these SNAP together in order to form a SPAN. This 

resulting SPAN expresses in this case the history of the considered situation (Bera 2004). 

In order to set up an ontology for a web mapping application, it is important to take into 

consideration the goals of maps to be provided by the application and the context of use of 

these maps. It is also important to take into consideration what may interest users in the real 

world and what is the important information for them. According to the relevance of data 

for users, it is possible to categorize data and to structure it in order to facilitate its retrieval 

from the spatial database. For example, in a tourist context, data about buildings may be 

structured according to the services provided to tourists. We can talk about transportation 

buildings, emergency buildings, restaurants, attractions, etc. (Figure 4.4). In a military 

context, spatial objects may be categorized into road network, security buildings, strategic 

entities (mountains, buildings, bridges, etc.), secret entities (military research laboratories, 

army basis), etc.  
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Figure 4.4 Spatial ontology for objects of type building in a tourist context 

  

4.2 Spatial data enrichment  

4.2.1 Multiple representation  
Our approach supports multiple representations by assigning to each spatial object three 

representation categories: a geometric representation, a graphic representation and a 

semantic representation (Figure 4.6). Each representation category may have several 

instances. By combining any instance of the three representation categories of a given 

object, we get a new representation of this object. For example, in accordance to the UML 

diagram (Figure 4.7) that models our multiple representation structure, a specific spatial 

object (identifier B100) may have three levels of representation (Figure 4.5): the first level 

describes the object as a building which can be represented using one of its four available 

geometric representations. The second level describes the object as a private building 

which can also be represented using one of its four available geometric representations. The 

third level describes the object as a hotel which can be represented in several ways by 

combining its geometric, graphic and semantic representations.  
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Figure 4.5 Multiple representations of a building whose identifier is ‘ B100’ 

 

 

 

 

 

 

 

Figure 4.6 Multiple representations of the object Hotel 
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Figure 4.7 UML diagram of multiple representation structure 

 

The use of symbols with spatial objects enables us to give visual information that stresses 

the types or the semantics of these objects. In the mapping domain there are two 

fundamental classes of symbols (Dymon 2003): replicative symbols and abstract symbols. 

Replicative symbols are those that are designed to replicate or look like the feature they 

represent. These symbols do not need to have any direct connection to what they identify, 

but they may be representational, such as an airplane to designate airports or trees to 

symbolize forest (Dymon 2003). Abstract symbols generally take the form of geometric 

shapes (Dent, 1999). This type of symbols has no relationship to the form of the object it 

symbolizes. Furthermore, when we consider the dictionary definitions for symbols, a 

hospital can be drawn on a map as a letter “H”, as an icon representing the building, or 

perhaps as a circle or box with or without an H inside (Dymon 2003). 

4.2.2 Multi-scale and multi-representation database  
Different types of databases are used to store spatial information such as relational model, 

entity-relationship model and oriented-object model. In the context of on-the-fly and on-

demand map generation, two main types of databases can be used to derive generalized 
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data: a multi-scale database and a multi-representation database. A multi- representation 

database consists of different levels of representation of the same area and objects but in 

different themes. In contrast, a multi-scale database stores the same themes at different 

scales. A multi-representation database may tailor data to meet particular thematic purposes 

while a multi-scale database is concerned with topographic contents and can be considered 

as a subset of a multi-representation database (Cecconi 2003). 

Multi-representation databases generally provide more details than needed or do not 

provide enough details. However, multi-scale databases do not provide a rich representation 

of spatial objects with respect to their existing representations. We think that a database that 

combines multiple representation and multi-scale features gives a richer representation of 

spatial data and may help generate better map quality for web applications. Indeed, multi-

scale enables a system to choose the best scale that answers a given user’s query and multi-

representation enables it to choose the best representation of spatial objects at the identified 

scale (Figure 4.8). The problems related to such combined database concern data gathering 

and maintenance. These problems also concern the size of the database which becomes 

considerable. This size can be reduced by the use of geometric patterns as proposed by 

Cardenas (2004).  

 

 

 

 

 

 

 

       

  

 

 

 

Figure 4.8 Multi-scale and multi-representation database structure  
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4.2.3 Spatial neighborhood relationship  
In order to detect spatial conflicts that may occur during map generation, we need to 

identify for every object its close objects with which it may be conflicting. Therefore, it is 

necessary to determine, among other things, when we consider that two objects are far from 

each other, when two objects are considered as neighbors and when two objects are too 

close so that they are considered in conflict. Generally, it is difficult to formally define the 

notion of neighborhood. Neighborhood, proximity or closeness notions can be tied up to 

geometric aspects as well as to cognitive aspects. Cognitively speaking, these notions 

depend on the user’s means of transport and change if he walks, drives or rides a bicycle. 

Psychologically speaking, they depend on the categories of objects which exist along the 

path between the user’s current position and his destination (the existence of attraction 

spots may let the user feel that his route is not so long) and on the user’s destination (a 

destination located downhill may seem to be closer than a destination located on the top of 

a hill).  

In order to identify neighbourhood relations between spatial objects, research works 

generally use preferably the Delaunay triangulation (Joubran et al. 2004) which is the dual 

of the Voronoi diagram. The Voronoi diagram subdivides the map space into a set of 

convex tiles (also called Voronoi regions) whose boundaries are the perpendicular bisectors 

between adjacent data points representing map object (Meng 1997). Objects with adjacent 

tiles are considered to be themselves adjacent, or neighbours. A Voronoi region can be 

constructed around any map object such as points, line segments, or even complex objects. 

However, the Delaunay triangulation consists in dividing the surface into a finite number of 

triangles. This decomposition of the map space provides multiple advantages such as (Jones 

et al. 1999): 

- A complete and precise representation of map space. Indeed, in object-based spatial data 

representations, the focus is on individual map features that may or may not be connected 

with neighbouring objects. However, the use of the Delaunay triangulation enables people 

to represent the entire map space, including areas between map objects, in a triangulated 

model. Furthermore, the original precision of the source data can be maintained.  

- The maintenance of topological relations between spatial components. The triangulation 

enables to store the connectivity between spatial objects, which facilitates the efficient 
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computation of answers to topological queries and the maintenance of consistency under 

geometric transformation. 

- Rich proximity relations. Since neighbour objects are usually connected by triangulation, 

the objects close to a specified object can be found easily and with a potential for great 

efficiency by a search procedure. 

- An help for handling various operations. Indeed, the use of triangulation is helpful for 

handling operations such as amalgamation and displacement.  

 

The Delaunay triangulation enables us to determine neighbourhood relations between 

spatial objects in the map space. However, the neighbours of an object identified by the 

triangulation are not necessarily its nearest neighbours in a geometric sense. Indeed, distant 

points may be accepted as neighbors in sparse areas, whereas relatively close objects may 

not be accepted as neighbors in dense areas if they are located behind other closer objects 

(Meng 1997). For example, the Delaunay triangulation considers that the objects A and C 

in Figure 4.9 are close. However, it does not consider that objects A and B of the same 

figure are close. Another inconvenient of the Delaunay triangulation results from the fact 

that every time an object is eliminated, we have to compute the triangulation again which 

constitutes a major overhead in the process.  
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Figure 4.9 Neighborhood error (in geometric sense) returned by the Delaunay triangulation applied 
to a finite number of points29 (a) and to polygons30 (b) 

 

In our research work, we link notions like neighborhood, proximity or closeness to 

geometric issues. We intend to geometrically identify when two objects can be considered 

to be close. Therefore, the use of a Delaunay triangulation does not seem to be appropriate 

to our research work. Furthermore, to our knowledge, there is no existing study that 

characterizes notions like proximity, neighborhood or closeness in the way we are using 

them in our map generation process. Some of these terms are mentioned in different 

research works (e.g. Ruas 1999, Lamy et al. 1999, Duchêne and Cambier 2003, Ware et al. 

2003), but, their values are always determined heuristically to test the proposed approaches.  

4.2.4 A proximity area-based approach  
Kettani and Moulin (Kettani and Moulin, 1999) proposed to use influence areas around 

landmark objects, among others, to facilitate way finding in a given geographic space. 

These areas (Figure 4.10a) simulate the qualitative distances expressed in natural language 

using qualitative expressions such as very close, close and relatively far (Moulin and 

                                                 
29 Source: http://www.math.tu-berlin.de/geometrie/lab/curvesnsurfaces.shtml  
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Kettani, 1999). In our research work, we adopt a similar approach to set up proximity areas 

around all the spatial objects that we are handling. Our approach consists in setting up two 

areas around every object O: a closeness area and a conflict area (Figure 4.10b).  

 

 

 

 

 

 

 

Figure 4.10 (a) Influence areas (Kettani et Moulin, 1999), (b) Closeness and conflict areas 

4.2.4.1 The closeness area 
Closeness areas are parts of the space that we set up around spatial objects at a given 

distance d. They enable us to identify neighborhood relations between spatial objects. 

Indeed, every object of the map space whose geometric representation intersects the 

closeness area of a given object O is considered to be close to O. Let us call: 

E the set of spatial objects. 

AO the closeness area around an object O. 

∀ P ∈ E, GP is the geometric representation of P, if GP ∩ AO ≠ ∅ ⇔ P is close to O 

Duchêne (2003) proposed a similar approach to determine neighborhood relations between 

spatial objects. She proposed to set up environment zones around spatial objects at a 

predefined distance d which depend on the characteristics of the database and the 

specifications of the generalization. The shape of the closeness area that we propose may be 

an approximation of the geometric representation of the spatial object. Examples of 

approximations are rectangles, circles, convex-hulls or n-corner hulls. The advantages of 

the approximation shapes are the reduction of the time necessary to compute the closeness 

area and hence the possible speed up of the identification of nearby objects. The drawbacks 

of these shapes are the detection of inexistent spatial conflicts (Figure 4.11a), which 

generates additional processing time. In our research work, we assign to the closeness areas 

                                                                                                                                                     
30 Source : (Bader 2001)  
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the same geometric shapes as the spatial objects’ ones. These shapes result from the 

exaggeration of the spatial objects’ shapes with some simplifications when needed. Wide 

closeness areas involve better awareness of the space around the spatial objects and enable 

to detect more nearby objects (Figure 4.11b). However, additional processing time is 

required in order to detect and to solve conflicts. For these reasons, the width of the 

closeness area is determined empirically. In the approach proposed by Duchêne (2003), the 

width of the environment zone is also determined empirically. It is chosen “big enough” so 

that the environment zone of a given object contains all the objects with which it has 

relational constraints31. Furthermore, because the spatial objects are static, the 

neighborhood relations can be computed beforehand as it is the case in the approach 

proposed by Duchêne (2003). Therefore, the initial spatial database can be enriched off-line 

with neighborhood relations that correspond to different levels of precisions derived from 

different widths of the proximity area. Each level of precision may be used according to the 

accuracy required and acceptable processing delays.  

 

  

 

 
 

Figure 4.11 (a) Inexistent spatial conflict detected with the use of an approximation shape, (b) 
Influences of the closeness area’s width on nearby objects identification 

 

4.2.4.2 The conflict area  
The conflict area set up around a given object O enables us to detect the conflicts between 

O and its nearby objects. Indeed, any object close to O and whose geometric shape 

intersects with the conflict area of O is considered to be in a spatial conflict with O. A 

spatial conflict may occur if O, or one of its neighbors, is displaced or exaggerated beyond 

                                                 
31 A relational constraint is a constraint that concerns a relation between two geographic objects, for example 
the one that forbid the overlap between symbols (Duchêne 2003) 
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the borders of its conflict area. Consequently, the conflict area delimits the area inside 

which the object O can be moved or exaggerated.  

The width of the conflict area of an object O depends on the location of its nearby objects. 

The boundaries of this area are set according to the distances we compute between the 

object O and its nearby objects. A possible approach may be to set these boundaries 

according to the importance that the object O and its nearby objects have for the user. In 

other words, a given edge of the conflict area of O is placed much farther from of O than its 

neighbors if O is more important for the user than them. This approach gives more chance 

to the most important objects to be moved and to be exaggerated. On the other hand, it 

considerably limits the chances of objects which do not have any particular importance to 

the user to be represented in our final map. Indeed, these objects cannot be displaced easily 

nor can be represented in other ways in order to solve spatial conflicts in which they are 

involved. Some of them may then be eliminated. The alternative approach we adopt in our 

research work consists in setting the boundaries of the conflict area to the half of the 

computed distances (Figure 4.12). We chose this heuristic especially because we intended 

to place first the objects with higher importance to the user and then to perform additional 

transformations on the other objects to reach a legible representation of the space. The 

conflict area is pre-computed but updated after spatial objects transformations such as 

exaggeration, displacement, size reduction, amalgamation and elimination.   

 

 

 

 

 

 

 

 

Figure 4.12 The conflict area computation 
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4.2.4.3 Conservation of spatial relations between spatial objects  
During map generation, the spatial relations that exist between spatial objects are an 

important aspect to be maintained. The spatial relations between two objects may be 

described in different ways according to the precision required to describe the position that 

an object has relatively to another one. For example, in a tourist domain, it is sufficient to 

split the space around each object into eight areas (Hernàndez, 1994) to describe its spatial 

relations with its neighboring objects (Figure 4.13a). Indeed, tourist maps do not require an 

accurate precision with respect to the objects’ positions. The most important thing is that 

the map’s content enables the tourist to navigate easily in the geographic space and to find 

his destinations. Spatial relations can be described with more accuracy improved by 

splitting more the space around each spatial object. 

 

 

 

 

 

 

 

 

 

Figure 4.13 (a) The splitting space into 8 regions, (b) Conservation of spatial relations 

 

The proximity area-based approach that we use in the scope of this thesis enables us to 

detect spatial conflicts but also helps us to handle spatial objects. Indeed, the use of conflict 

areas restricts objects’ displacements and exaggerations and prevents the generation of new 

conflicts. Thanks to this restriction, the spatial relations between spatial objects are unlikely 

to be violated (Figure 4.13b). Each time an object is displaced or exaggerated beyond the 

borders of its conflict area, some constraints (such as proximity or spatial relation) may be 

violated.    
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4.2.4.4 Appropriateness of the proximity area-based approach to spatial 
conflict resolution  
The following table (Table 4.1) summarizes the application of our proximity area-based 

approach to the resolution of spatial conflicts. 

  

Needs Use of the proximity area based approach Suitability  

Identification of the 

nearby objects of a 

given object O 

Check the intersection between the proximity area 

of O and the geometric representation of the spatial 

objects (preprocessing) 

Yes 

Detection of spatial 

conflicts of an object O 

Check the intersection between the conflict area of 

O and the geometric representations of its nearby 

agents (on-the-fly processing) 

Yes 

Prevention of new 

spatial conflicts  

Restrict of objects’ displacements and 

exaggerations by the use of conflict areas (on-the-

fly processing)  

Yes  

Improvement of the 

legibility of an 

important object O 

The conflict area enables us to exaggerate the 

object O and to measure the value of its 

exaggeration (on-the-fly processing) 

Yes 

Measurement of the 

allowed displacements  

The conflict area allows to identify the directions 

according to which an object may be moved and to 

compute the vector of the possible displacements 

for this object (on-the-fly processing) 

Yes 

Representation change  The conflict area allows us to choose the suitable 

representation to use for a given spatial object (on-

the-fly processing) 

Yes  

Spatial relations 

preservation  

The conflict area restricts the displacements and the 

exaggeration of spatial objects and consequently 

preserves the spatial relations between these objects 

(on-the-fly processing) 

Yes 

 

Table 4.1 Appropriateness of the proximity area-based approach to spatial conflict resolution 
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4.3 Spatial data generation and transfer  
As mentioned in Chapter 2, section 2.4.3, the generation of web maps on-the-fly can be 

done according to three fundamental approaches: representation-oriented approaches, 

processing-oriented approaches, and hybrid approaches. Hybrid approaches take advantage 

of the flexibility of processing-oriented approaches and the suitability of representation-

oriented approaches by combining their use. We believe that such approaches are, 

currently, the most appropriate to generate personalized web maps on-the-fly. Nevertheless, 

the success of a given web mapping service does not only rely on how the map is 

generated. It also relies on how this map is transferred.  

A commonly used approach consists in transferring the entire map to the user once it is 

generated. Due to reduced transfer rates, this approach may slow down web mapping 

services, especially when the sizes of maps are large. As an alternative, a progressive data 

transmission approach has been proposed. The first works that addressed this topic are 

those of Bertolotto (1998), Buttenfield (1999), and Oh and Bae (1999). These works have 

been inspired by research that dealt with the transmission of raster data (e.g. transmission 

of data in GIF and JPEG formats), as well as the transmission of vector data (e.g. in the 

format of triangular irregular networks32). The transmission of raster data using the GIF 

format enables the system to display an initial image having a low resolution, and then to 

display this image with more and more clarity until a normal resolution of this image is 

reached. However, the JPEG format uses a compression mechanism in order to reduce the 

size of the map to be transferred to the user. These formats facilitate the exchange of data 

over the web. However, they do not give the opportunity to handle the objects displayed in 

the map. Consequently, a vector representation is required (Bertolotto 1998, Yang et al. 

2004). 

In the domain of on-the-fly map generation, the progressive transmission of raster data has 

been more used than the progressive transmission of vector data, especially because the 

majority of web maps have been generated using a raster format (Follin 2004). The 

transmission of vector data has been addressed by several research works (Bertolotto 1998, 

Buttenfield 1999, Oh and Bae 1999, Bertolotto and Egenhofer 2001, Buttenfield 2002, 

                                                 
32 Triangular Irregular Networks have been used in GIS in order to represent the elevation of terrain for 
analysis purposes.  
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Brenner and Sester 2003, Follin 2004). Bertolotto and Egenhofer (2001) focused on the 

progressive transmission of vector data in conjunction with on-the-fly map generation. 

They proposed to create multiple representations corresponding to several levels of detail 

from the same initial data (Figure 4.14). These levels are then sequentially transmitted to 

the user according to an order of increasing detail (Figure 4.15). In this approach, the tasks 

carried out on the server are: (1) the pre-process phase during which a sequence of 

representations, at several levels of detail, is constructed and (2) the sending of the different 

levels of detail (increments), one by one, to the user. On the client side, the increments are 

superposed with the data already transferred in order to create a complete cartographic 

representation. This representation corresponds to an intermediary level which is not stored 

on the server.  

 

 

 

 

 

 

 

   

 

 

 

 

 

Figure 4.14 Sequence of maps with multiple representations at three levels of detail (Bertolotto and 
Egenhofer 2001) 
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Figure 4.15 Progressive data transmission (Bertolotto and Egenhofer 2001) 

 

Buttenfield (2002) proposed a progressive data transmission approach that consists in the 

transfer of data while preserving their topological relationships. In this approach, the vector 

objects are partitioned in packages during the pre-processing phase using a hierarchical 

decomposition based upon a simplification algorithm. Every package contains a 

representation of a vector object at an intermediary level of detail (Figure 4.16). The 

proposed approach sends to the user the first package that contains the low level of detail. 

Then, it transmits the other levels, one by one, until the requested level of detail is 

displayed. At every iteration, the new data transferred replaces the data already transmitted 

on to the user. 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 Hierarchical subdivisions of vector data (Buttenfiled 2002) 
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Brenner and Sester (2003) proposed a continuous generalization approach based upon the 

incremental transmission of operators. This approach intends to avoid popping effects 

during a continuous zoom between two levels of detail. During the pre-processing phase, a 

sequence of representations at different levels of detail is generated on the server (Figure 

4.17): every object is represented by its simplest geometry, then, the application of a set of 

operators generates its detailed representations at the different levels of detail. When a user 

asks for a map, the system sends him the most appropriate level of detail from those stored 

on the server. If the user wants to get more details, the system sends him the necessary 

transformations (generalization operators) that enable its terminal to generate the required 

map.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.17 Progressive data transmission based upon the incremental transmission of operators 

 

Furthermore, in the approach proposed by Follin (2004), data at several levels of detail are 

generated on the server. When the user asks for a map, the approach determines and sends 

to him the appropriate level of detail according to the requested display scale. If the user 

asks for more detail, the application computes (on the server) the necessary increments that 

correspond to different levels of detail. Next, it reuses the level of detail already sent to the 

user and the new increments in order to create new levels of detail. These levels are, finally, 

sent to the user, one by one.  
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To conclude, the progressive transmission is an interesting solution to the transfer of multi-

resolution data trough communication links having reduced bandwidth. Research works 

that addressed this topic essentially focused on the structuring of data beforehand. In fact, 

they generate several levels of detail off-line. These levels are then used in order to 

generate new intermediary levels of detail according to the user’s query. The generation of 

these levels may be time consuming. In order to reduce this time, the idea is to reuse the 

data already transferred to the user. Currently, this reuse is included in the approaches 

proposed by Follin (2004), Bertolotto and Egenhofer (2002), and Brenner and Sester 

(2003).  Follin reused the data already transmitted to the user and enriched it, on the server, 

with new increments. The new map is then transferred to the user at once. In the approach 

proposed by Brenner and Sester, the user’s device must carry out the required 

generalization operations in order to obtain the required map. Bertolotto and Egenhofer 

reused the data already sent to the user and enriched it with new increments. These 

increments are superposed on the user’s terminal on the data already transferred. This 

superposition results in graphical and spatial relationships problems (Weibel et al. 2002). 

Furthermore, some progressive data transmission approaches (e.g. Follin 2004 and 

Buttenfield 2002) replace the old data displayed of the user’s screen by new data. In 

addition to the slow transfer of this data trough communication links having reduced 

bandwidth, these approaches are costly for mobile users who pay according to the amount 

of data transferred to their devices. This cost may be reduced if we are able to reuse 

effectively the amount of data already transferred to the user. This is what we discuss in the 

next section.           

4.4 Progressive map generation by layers of interest 
The approach that we propose in this thesis (Figure 4.18) is based on the use of 

cartographic generalization and multiple representation. We enriched the spatial database 

with graphic and semantic representations of spatial objects as well as with their geometric 

representations. The real-time generation of maps is done while using the suitable 

representations of spatial objects and applying the required generalization operators in real-

time. Since this process may still require a lot of time with respect to acceptable delays, we 

need to find ways in order to shorten users waiting time. Indeed, existing approaches either 
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transmit the whole map to the user or use a progressive transfer of the map. In both cases, 

the user has to wait until the whole required information is downloaded on his terminal. In 

this section, propose a novel approach to generate maps on-the-fly. Our approach is based 

on the progressive generation and transfer of maps according to the importance of data to 

users. In order to reach this goal, spatial data is categorized into several levels according to 

its importance to users and to the context of use of the maps to be generated.  

   

 

 

 

 

 

 

Figure 4.18 An overview of our on-the-fly web mapping approach 

 

4.4.1 Data categorization  
According to the required mapping service, the spatial objects do not have the same 

importance to a user. If the most important objects are well presented, the user will 

certainly better understand the map, increasing its usability. For example, in a tourist 

context it is important to understand the kind of services that a tourist may ask for. In a 

military context, we need to determine which kind of information interest the military users 

and what is the level of importance of this information compared with the rest of 

information. In an emergency situation, such as an earthquake or a volcano eruption, we 

need to determine the important spatial information in the geographic space that helps to 

deal with the emergency situation. This information may be influenced by several criteria 

such as users’ needs, preferences and contexts, time and environment change.  

According to the importance of spatial information, data can be categorized into several 

levels of importance. These levels cannot be guessed beforehand. Indeed, they depend on 

the user’s query. The levels of importance are also called layers of importance or layers of 

interest. Indeed, each layer contains data that interests the user with a given degree of 
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importance. A layer of interest refers to a set of spatial objects which have the same 

importance to the user. These objects may belong to different classes of objects such as 

roads, specific buildings, lakes and public squares. In order to categorize data into different 

layers on interest, it is necessary to identify how important is an object to the user and to 

determine how many levels of importance should be used to classify spatial objects. The 

data categorization enables us to define different priorities (weights) that we assign to 

spatial objects according to their importance to the user. 

 

Data categorization in a tourist context  

Generally, a tourist wants to know where certain specific objects (such as specific buildings 

and services) are located and possibly how to reach these objects. A tourist may also be 

interested by the important locations to visit in the city. The analysis of the tourist’s 

requirements enabled us to categorize the spatial data into explicitly required objects, road 

network, landmarks and ordinary objects which don’t have any specific importance to the 

tourist (Figure 4.19) (Jabeur et Moulin, 2004). In this categorization, the road network and 

the landmarks are used by a tourist for navigation and way finding. The landmarks are 

characterized by their visual, cognitive and structural features (Sorrows and Hirtle, 1999, 

Raubal and Winter 2002, Elias 2003) and are used by people during spatial reasoning 

according to research works on spatial cognition (Raubal and Winter 2002). 

 

 

 

 

 

 

 

 

Figure 4.19 Spatial objects categorization in a tourist context (Jabeur and Moulin, 2004) 
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Data categorization in military context  

Considering the military context, data can be categorized (Figure 4.20) into a road network 

layer, buildings layer and the hydrographic network layer. In addition, an army officer may 

need a layer of interest which contains strategic features (buildings, places, bridges, etc.) to 

be protected and a layer of interest that contains enemy positions. These layers can be 

updated in real-time in order to better plan military interventions. Some of this information 

is dynamic. It changes as times goes or according to environment changes.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20 Spatial objects categorization in a military context 

 

4.4.2 Our progressive map generation approach 
In order to improve on-the-fly web mapping services, we need a rigorous approach to 

generate in real-time the required maps and an efficient approach to transfer these maps to 

users. Currently, web-based maps lack flexibility since their contents is retrieved from pre-

generalized data. In some cases, these contents may be not sufficient for users (Figure 

4.21a). In other cases, too much information is generated (Figure 4.21b). Generally, when 

the required maps are generated, they are transferred in full to users. This approach may 

take relatively a lot of time with respect to on-the-fly web mapping context.  

In order to tackle the constraints related to low rates and high delays of data transfer, the 

progressive map transmission approach (Bertolotto 1998, Buttenfield 1999, Oh and Bae 
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1999, Bertolotto and Egenhofer 2001, Buttenfield 2002, Brenner and Sester 2003, Follin 

2004) has been proposed and used in the context of web and mobile mapping services. 

However, users may be obliged to wait until the entire maps are downloaded or until the 

required levels of detail are generated and transferred. As a consequence, current 

approaches for on-the-fly web mapping services may penalize users who have to wait while 

unnecessary data are generated and transferred. Considering the drawbacks of these kinds 

of maps, we emphasize the need for an approach that generates maps which contain the 

right information required by users and overcome technical constraints related to transfer 

rate and delays. 

 

 

 

 

 

 

 

 

 

Figure 4.21 (a) An example of location finding map (source: YahooMaps), (b) Map with a lot of 
details 

 

Currently, there is no existing approach that tries to find a compromise between map 

generation and map transfer in order to speed up the delivery of maps to users. Indeed, 

existing approaches either focus on the generation of maps or on their transfer to users. Our 

idea is to generate the required maps progressively according to the importance of the data 

to the user. In other words, we generate the required map according to the data 

categorization. Then, as soon as objects of a given level of importance are generated, they 

can be transferred to the user. In this case, the required maps are generated and transferred 

at the same time. In order to reach this goal, we give preferential treatments to objects with 

higher priorities. Our strategy enables our system to finish processing important objects 

first.   
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Our approach reasonably solves the problems of low transfer rates and high delays of data 

transfer. This advantage is significant especially in the context of mobile mapping services. 

Our approach also enables the reduction of users’ waiting time and to improve the 

personalization of maps. Indeed, the user can stop the transfer of data without waiting its 

complete download as soon as he gets the required information from the amount of data 

already transferred. We called this innovative approach a progressive map generation by 

layers of interest (Figure 4.22).  

 

 

 

 

 

 

Figure 4.22 Progressive automatic map generation by layers of interest (LoIP(i): Layer of Interest 
of Priority i) 

 

4.5 Discussion  
In this chapter, we presented our data model that supports multi-scale and multiple 

representation. The difficulty with such model is the gathering and maintenance of the 

stored information. Some of this information can be pre-calculated in order to speed up 

real-time processing. Neighborhood relations are an example of such pre-computed 

information. Most of existing approaches use Delaunay triangulation. However, due to the 

drawbacks of this triangulation mentioned in Section 4.2.3, we preferred to use a 

proximity-based approach. Our approach, which sets up a conflict area and a proximity area 

around each object, enables us to limit and compute displacements and exaggerations. It 

also enables us to preserve spatial relationships between objects as much as possible. 

Nevertheless, we need to update the conflict area of any object each time this object is 

transformed or its immediate environment is changed.  

Furthermore, the generation of maps on-the-fly has been addressed by several approaches 

whose flexibility varies from an author to another. This flexibility grows if the required 
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processing is carried out in real-time in order to adapt the content of maps to users’ 

preferences and contexts. In this case, the growth of flexibility is obtained at the cost of 

processing time. In order to offset the necessary time to generate the required data, a 

progressive map generation has been proposed and used (Bertolotto 1998, Buttenfield 

1999, Oh and Bae 1999, Bertolotto and Egenhofer 2001, Buttenfield 2002, Brenner and 

Sester 2003, Follin 2004). Apart from the research works of Follin (2004), Brenner and 

Sester (2003), and Bertolotto and Egenhofer (2001), we are not aware of any other existing 

approach that addressed the reuse of data which is already transferred to the user. The reuse 

of this data enables a given approach to reduce the exchanged data between the web 

mapping server and the user’s device. This advantage is particularly important in a mobile 

context.  

The reuse of data is an important aspect of our progressive generation approach. Indeed, 

every time a new layer of interest is sent to the user, it is superposed on the data already 

transferred. We do not erase the old data. In addition, in contrast with the other existing 

approaches, every layer of interest contains the expected level of detail of the objects it 

contains. Consequently, the user does not have to wait until more detail about these objects 

are generated and sent. Furthermore, the parallel generation and transfer of maps enable us 

to reduce users’ waiting time. Indeed, users are not obliged to wait until they get the whole 

maps. As soon as they get the required information from the data which is already 

transferred, they have the choice to stop the map generation and transfer.  

Moreover, our innovative approach enables to better personalize the contents of maps by 

focusing on most important information to users. It also enables us to tackle low rate 

connection and low bandwidth since data are transferred progressively. We think that in the 

absence of enough hardware and software capabilities to speed up automatic map 

generalization, our approach provide a suitable solution to improve on-the-fly mapping 

services. In the next chapter, we will present how we used our progressive map generation 

approach in order solve spatial conflicts and generate the requested maps.      
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Chapter 5  

Multiagent-based approach for spatial conflict resolution 
and on-the-fly map generation  
 

Spatial conflict problems have been addressed by much research based, among others, upon 

genetic algorithms (Wilson et al. 2003), Tabu search (Ware et al. 2002), simulated 

annealing (Ware et al. 2003), force-based approach (Bobrich 1996, Hojholt 1996, 

Burghardt and Meier 1997, Burghardt 2000), least square-adjustment technique (Harrie 

1999, Sarjakoski and Kilpelainen 1999, Sester 1999, Sester 2000), incremental approach 

(Ruas 1998), and multiagent systems (Ruas 1999, Lamy et al. 2001, Duchêne and Ruas 

2001, Duchêne 2003, Baeijs 1996, Maozhen et al. 2002). However, as discussed in Chapter 

3, either these approaches do not solve all existing conflicts, or they require improvements, 

especially in terms of processing time. In order to determine what an efficient approach for 

spatial conflict resolution should be, we need to understand the context of its application. In 

this dissertation, this context is the on-the-fly web map generation. It is concerned with the 

application, in real-time, of necessary transformations to spatial objects according to users’ 

needs, as well as display terminal characteristics. In Chapter 2, we described existing 

applications that addressed on-the-fly map generation: 

- Applications such as Google Earth, YahooMaps, and MapQuest, all provide maps to 

users in a short time. However, they do not apply any transformation to spatial objects 

on-the-fly. They only extract and display pre-processed data which is stored 

beforehand in special databases.  

- The UMapIT application does not carry out transformations on spatial objects. It 

simulates on-the-fly map generation by using multiple representation links.  

- Applications, like GiMoDig and GenDem, use a real-time generalization process. 

However, this generalization is carried out using prefixed sequences of 

transformations. These sequences may only be suitable for specific contexts. For 

example, the sequences of generalization operators proposed by Cecconi and Weibel 

(2002) for the generalization of buildings, rivers, roads, etc., are particularly suitable 

for Switzerland and similar countries. In addition, since the degree of importance of 
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objects may vary according to users’ needs, their processing cannot be done using 

prefixed sequences of operators. Therefore, we need a spatial conflict resolution 

approach that is able to determine and apply, on-the-fly, relevant transformations to 

spatial objects.  

Applying real-time transformations to spatial objects enables us to generate maps, and in 

particular, improve the personalization of their contents. As mentioned in Chapter 2, 

current on-the-fly map generation systems offer several personalization options, such as the 

modification of maps’ styles, drills, and zooms. These options enable users to interact with 

maps that are already displayed, as well as improve their personalization. Nevertheless, this 

personalization does not always meet users’ expectations. Indeed, in certain contexts (such 

as tourism, military intervention, and emergency situation management), users may require 

ready-to-use maps33, especially when they have neither the time, nor the necessary 

knowledge, to interact with the map. Hence, we need an on-the-fly map generation 

approach that personalizes the contents of maps at the source (i.e. during their creation). 

This personalization must be supported by a spatial conflict resolution approach. As stated 

in Chapter 3, none of the existing approaches that address spatial conflict resolution 

supports the personalization of maps.  

Furthermore, in the context of on-the-fly web mapping applications, users do not only 

expect to obtain personalized maps, but they also expect to get these maps in a short period 

of time. Among the existing approaches for on-the-fly map generation, a hybrid approach 

seems to be the most suitable. It makes a compromise between flexibility (that characterizes 

processing-oriented approaches) and rapidity (that characterizes representation-oriented 

approaches). In order to speed up on-the-fly web mapping services, an appropriate 

approach should focus on two principal, yet complementary processes: map generation and 

map transfer. Some approaches (e.g. Bertolotto 2001, Brenner and Sester 2003, Buttenfield 

2002, Thiemann 2002) store pre-processed data according to specific structures (e.g. 

sequences of representations at different levels of details), then progressively transfer this 

data to its users. These approaches provide a rapid transfer of data, but they need more 

flexibility. Currently, an approach that combines rapid and flexible map generation, as well 

as transfer processes is still not available. In addition, all existing approaches deal with 

                                                 
33 Ready-to-use maps are maps whose contents do not require any personalization in order to be used. 
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these two processes separately. Therefore, our question is: is it possible to generate and 

transfer maps at the same time?   

To summarize, we are primarily interested in finding techniques in order to generate maps 

on-the-fly, as well as to solve spatial conflicts that may occur through this process. During 

the resolution of these conflicts, we specifically address the following problems:  

- Identification and application of relevant transformations to spatial objects in real-

time;  

- Adaptation of the map content at the source, and in real-time, to users’ needs;  

- Slowness of the entire process of map generation and transfer.  

 

5.1 Heuristics  
Generalization is a subjective process (Cecconi 2003), during which cartographers may 

apply certain rules and heuristics according to their own appreciations. In our research 

work, we used some heuristics in order to solve spatial conflicts. These heuristics are 

summarized in the following points: 

 During the resolution of a spatial conflict between two objects, the object having the 

lower priority34 is more affected by processing than the one having a higher priority 

(Jabeur et al. 2003).  

Our spatial conflict resolution approach consists of acting first upon the object having the 

lower priority. If the conflict is not solved, then we act upon the object having a higher 

priority. If the conflict remains unsolved, then we act upon the first object (the object 

having the lower priority) until the conflict is solved, or until the object is eliminated. This 

heuristic enables us to preserve, as much as possible, the initial properties of important 

objects, in addition to finishing the processing of highest priority objects before that of 

lower priority objects. Consequently, we can implement our progressive map generation by 

layers of interest.    

 Initial conflicts may be created when objects with higher priorities are exaggerated, 

and/or moved, in order to improve their legibility.  

                                                 
34 The priority of a given object corresponds to the degree of its importance to the user.  
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Initially, there is no overlap between spatial objects retrieved from the spatial database at 

the display scale. Nevertheless, certain objects may not be legible, or even too close to each 

other. Among these objects, those important to the user are exaggerated, and/or displaced, 

in order to improve their legibility. However, those whose importance are under a specific 

threshold, may be eliminated given that on-the-fly map generation process is time critical, 

and the elimination of these objects does not result in a loss of important information to the 

user.   

 During the processing of a given object, we can create new conflicts, but only with 

neighbor objects having lower priority. Conflicts between objects having the same priority 

are not allowed.  

This heuristic enables us to reduce the number of conflicts to be solved during the map 

generation process. In addition, it prevents the reappearance of conflicts that have already 

been solved. Therefore, the processing load may be reduced and the map generation time 

shortened.   

 During the first spatial conflict resolution attempt, an object, whatever its priority is, is 

not allowed to create new conflicts.  

The reason for using this heuristic is to avoid, as much as possible, the creation of new 

conflicts. This is achieved by permitting that both objects involved in the conflict can be 

acted upon. It is likely that an easy solution to the conflict cannot be found by acting solely 

upon the object having the lowest priority. Whereas, it is possible to reach a solution simply 

by acting upon the object having the highest priority. In this case, the conflict resolution 

process may be shortened by avoiding complex and slow transformations. 

 For a given object, we try to solve all its conflicts at once during a spatial conflict 

resolution cycle. 

 For a given object, we prioritize the resolution of its conflicts with its nearby objects 

having the highest priorities.  

This heuristic enables an object to reach the end of its processing quickly, especially 

because its conflicts, with objects having lower priorities, will be solved by acting upon the 

latter (see heuristic 1).  



 123
 

 The use of symbols is permitted only with important35 objects, when they are stable. Here, 

an object is said to be stable if no further action will be applied to it.  

This happens if all neighboring objects having higher priorities (if any) are stable, and if it 

has no more conflicts with objects of equal priority.  

 Overlaps are allowed between symbols and objects of low priority36.  

We provide this heuristic because it is often quite difficult to find free space on users’ 

reduced screens, where symbols may be placed. Furthermore, since on-the-fly map 

generation is time-critical, we believe that it would be a waste of time to solve such 

overlaps, especially because they do not result in a loss of information (the spatial objects 

involved in these overlaps have no particular importance for the user).      

 Overlaps are allowed between symbols or labels, and roads, if these roads are not 

completely covered. 

 Important objects cannot be eliminated.  

We use this heuristic in order to avoid losing information that may be useful to users. The 

degree of importance of an object that cannot be eliminated depends upon data 

categorization, users’ preferences, and the expected accuracy of the map. 

 

5.2 Motivations  
As discussed in Chapters 2 and 3, the use of multiple representation combined with 

cartographic generalization, may improve spatial conflict resolution, and therefore, the on-

the-fly map generation process. Chapter 4 presented the structure of our spatial database 

supporting multiple representation, as well as the categorization of the data that should 

enable us to generate and transfer maps progressively, according to the importance of data 

to users. There still remains the need to determine how data will be processed using 

cartographic generalization and multiple representation. In order to reach this goal, we used 

a multiagent-based approach given its multiple advantages discussed in Chapters 2 and 3. 

We are convinced that using an approach that combines multiagent systems, cartographic 

                                                 
35 Objects’ degrees of importance, with which symbols may be used depends upon the purpose of the map and 
as well as the context of its use.  
36 The priorities of objects that may be overlapped by symbols depend upon the purpose of the map, as well as 
the context of its use.  
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generalization and multiple representation may improve on-the-fly map generation, as well 

as spatial conflict resolution.  

The use of multiagent systems in the field of map generation is not new. Several research 

works used such systems to address spatial conflict resolution, in addition to automatic map 

generation (Baeijs 1996, Ruas 1999, Lamy et al. 1999, Duchêne and Cambier 2003, 

Duchêne 2003, Maozhen et al. 2002). However, to our knowledge, the only work based 

upon multiagent systems for the generation of on-the-fly web maps is the SIGERT project.  

The multiple advantages of multiagent systems further motivate investigations of their 

application in order to improve the whole process of real-time map generation. These 

advantages, as mentioned in several works (Lamy et al. 1999, Jabeur et al. 2003, Galanda 

and Weibel 2002), are: the capability of multiagent systems to often reach acceptable 

solutions (Lamy et al. 1999), their flexibility in solving complex problems (Jabeur et al. 

2003), their dynamic adaptation to environment changes (Galanda and Weibel 2002), and 

their ability to successfully model the entire process of automatic map generation, during 

which objects are added, merged, symbolized, or eliminated (Lamy et al. 1999). 

Furthermore, multiagent systems provide autonomy to address generalization problems. 

This autonomy gives hope for the successful automation of the cartographic generalization 

process which thus far remains semi-automatic. Moreover, the modularity and distributed 

characteristics of multiagent systems are interesting properties that may improve the on-

the-fly map generation process. It is always possible to add all components that may be 

relevant to map conflict resolution, as well as to real-time map generation. Indeed, it is 

possible to implement the multiagent system in various workstations. In this configuration, 

processing can be done simultaneously, which may improve its rapidity.  

5.3 Fundamental notions  
As mentioned in Chapter 2, section 2.5.3, addressing the on-the-fly map generation process, 

and consequently, the spatial conflict resolution problem using multiagent systems, requires 

answering the following questions: 

- Which geographic entities should be modeled as agents? 

- Apart from geographic entities, what are the other components that may be modeled as 

agents? 
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- How to decompose the on-the-fly map generation problem in order to be supported by a 

multiagent system approach? 

- Which kinds of interactions should exist between agents? 

- What are the competencies and resources needed by agents? 

- Which priorities should be considered when studying map generation problems, and how 

are these priorities to be handled by agents? 

There is a close link between the choice of agents and the goals they are conceived for. 

Since we intend to generate and transfer maps according to the importance of their contents 

to users, we need to carry out, in real-time, the following main tasks (Figure 5.2): (1) 

categorization of spatial data into layers of interest, (2) processing of spatial data, (3) 

generation of layers of interest, and (4) generation of the final map (additional secondary 

tasks are also necessary in order to achieve the whole process of map generation). Each task 

can be assigned to an agent or to a group of agents. However, we must determine what an 

agent should represent (a spatial object, a group of spatial objects, a conceptual entity, etc.). 

There is also a close link between data processing and the way in which the map space is 

partitioned. This partitioning is important in order to assign tasks and responsibilities to the 

different agents. It could be based upon individual objects (e.g. buildings, lakes, etc.), 

geographical distinction (e.g. rural/urban divide, mountain/rivers divide, etc.), or 

geographical functions (e.g. the region into which a river flows) (Lamy et al. 1999). In our 

data categorization, we have three levels of data that exist along the process of map 

generation (Figure 5.1): the whole map, the layers of interest and the individual objects. 

Since these levels are affected by the four main tasks (tasks (1) and (4) affect the map, task 

(2) affects individual objects and task (3) affects the layers of interest), we propose to 

assign a specific type of agents to each level:  

- We call the category of agents assigned to the whole map (initial and final map) 

Coordinator agent. This category of agents is responsible for tasks (1) and (4).  

- We call the category of agents assigned to each layer of interest Type agent. This 

category of agents is responsible for the task (3). In order to tackle the problem of 

generating the final data of a given layer of interest, we decompose this problem 

into sub-problems. Every sub-problem is concerned with the generation of the final 

data of a single spatial object.  
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- We call the type of agents assigned to individual objects instance agent. Instance 

agents are delegated by Type agents to generate the final data of their layers of 

interest. They should interact in order to reach this goal and to generate a legible 

representation of the space. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1 Categorization of data into: map, layers of interest and objects 

 

As mentioned above, instance agents have to process spatial objects, and probably interact 

bilaterally in order to solve their conflicts. Due to lack of space on screens wherein to place 

all the spatial objects, as well as their possible symbols and labels, the interaction of 

instance agents may result in bottlenecks. These bottlenecks must be solved on-the-fly. 

Otherwise, the map cannot be generated. Our idea is to use a new category of agents whose 

task is to control the processes of conflict resolution and map generation (Figure 5.2). We 

call this type of agents Container agent.  In the following subsection we discuss each of 

these categories of agents. 
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Figure 5.2 Allocation of the different types of agents to principal tasks 

 

5.3.1 The Coordinator agent  
The Coordinator agent carries out an organisational task. It is responsible for the 

generation of the required map (Figure 5.3). In order to reach its goal, it partitions the initial 
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context of use of the map, as well as to the user’s needs. At the end of processing, it 

coordinates the transfer of the final map, layer by layer, to the user.  

During the processing of spatial data, the Coordinator agent is not in charge of spatial 

transformations. It supervises the map generation process and waits until it receives the 

final layers of interest, one by one, from Type agents responsible for their generation. 

However, if the user decides to abort his query, the Coordinator agent stops the generation 

of the map. 
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Figure 5.3 The context of the Coordinator agent 

In addition to its organisational task, the Coordinator agent carries out a personalization 

task (Figure 5.4). In fact, before transferring a given layer of interest, it may perform some 

actions such as transforming the data format of this layer so that it can be displayed 

correctly on the user’s screen. The personalization task of the Coordinator agent enables it 

to better adapt the content of the map to users’ needs. This functionality is particularly 

important if the Coordinator agent receives a new user’s query asking for a new map 

whose content is slightly different from the map under generation. In this case, the 

Coordinator agent may carry out the necessary transformations so that the map meets the 

new user expectations.   

  

 

 

 

 

 

 

 

Figure 5.4 Tasks of the Coordinator agent 
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5.3.2 The Type agent  
A Type agent is assigned to a specific layer of interest. It is responsible for its generation 

and delivery. In order to reach this goal, it creates and assigns an instance agent to every 

object belonging to its type (Figure 5.5). At the end of processing, it merges the final data 

of all its instance objects and generates its final layer of interest. Next, it transfers this layer 

to the Coordinator agent.  

A Type agent supervises the processing of spatial objects belonging to its type, but does not 

apply any transformation to them. However, if it receives an abort message from the 

Coordinator agent, it interrupts the generation of its layer of interest. Furthermore, the use 

of Type agents enables us to support the change of the user’s needs during the map 

generation process. Indeed, if the user decides to refine its query, the Type agents affected 

by this refinement can communicate the new requirements to their instance agents in order 

to adapt their processing so that they support the user’s new needs.   

 

 

 

 

 

 

 

 

 

Figure 5.5 The context of a Type agent 
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(geometric, graphic and semantic representations), while preserving as much as possible its 

spatial relations with its neighbors. In order to reach this goal, it may compete with its 

neighbor instance agents for space occupation (Figure 5.6).  

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 The context of an instance agent 

 

Every instance agent has spatial knowledge, spatial transformation capabilities, spatial 
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better decisions during its upcoming processing. Knowledge enrichment is possible since 

the instance agent continuously monitors the changes in its environment and exchanges 

information with its neighbors. 
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Figure 5.7 Structure of an instance agent 
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now we didn’t define these agents. In order to determine what we expect from these agents, 

we have to answer several questions, such as: 

- How many Container agents are necessary? 

- What are the knowledge and competencies of Container agents? 

- Which are the instance agents controlled by a given Container agent? 

- When does a Container agent intervene? 

- What are the types of communication that may exist between a Container agent and 

an instance agent? 

- Is there any bilateral communication between Container agents? 

- Is a Container agent an entity of the spatial database?  

Controlling the map generation process is a complex task that may result in an additional 

processing time, and consequently may slow down the map generation process. Since it is 

not feasible to assign this task to a single agent, we need to partition the map space into 

subspaces. The control of every subspace is, then, assigned to a specific agent (control 

agent). In this dissertation, we propose a new approach according to which the space can be 

partitioned. Our idea is to take advantage of cartographers’ efforts during the derivation of 

a new map in a scale reduction process. During this derivation, cartographers may 

aggregate several close objects. These aggregations may provide possible solutions to 

bottlenecks. Indeed, when no solution can be found for a deadlock situation, it is possible to 

aggregate the agents involved in this deadlock. In this case, the geometry of the new 

aggregate object is already identified by cartographers. It remains to us to fit this geometry 

to the display scale, with respect to the configuration of the immediate environment of the 

aggregate object. Therefore, for each aggregation decided by cartographers, we assign an 

agent, called Container agent. We define this agent as the one that controls the generation 

of a group of objects that should be aggregated in the map at a scale inferior to the scale of 

the map required by the user (Figure 5.8). If a user asks for a map at a scale A, Container 

agents will be the aggregations of spatial objects at a scale B inferior to A (Figure 5.9). In 

order to use Container agents, the idea is to enrich the spatial database beforehand by 

adding to the attributes of every spatial object the identities of its neighbor objects with 

which it may be aggregated at different scales.   
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Figure 5.8 Illustration of container agents 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.9 Aggregations at several map scales  
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A Container agent may have several component agents (instance agents) which may 

belong to distinct Type agents (Figure 2.10). In this case, the Container agent decides the 

relevant operations to solve bottlenecks according to the priorities of its components. Its 

decisions are orders that cannot be refused by its components. We use this heuristic in order 

to reduce agents’ communications that may slow down data processing. Furthermore, if a 

given Container agent is unable to solve a specific bottleneck, it may negotiate a solution 

with its neighbor Container agents. This negotiation may also be necessary when two or 

more agents belonging to different Container agents are in a deadlock situation.    

 

 

 

 

 

 

 

 

 

 

 

Figure 5.10 The context of a Container agent 
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determine the relevant transformations the carry out in order to improve the generalization 

of the partitions they are assigned to. The advantage of our approach compared with the 

AGENT’s one is that we take advantage of cartographers’ efforts. When a bottleneck 

occurs, our Container agents can aggregate their components and use the geometry of the 

aggregate object which has been already determined by cartographers. This approach 

enables the Container agents to shorten their processing time.      

5.3.5 Conclusion  
We defined 4 types of agents: Coordinator agent, Type agent, instance agent and 

Container agent. The Coordinator agent and Type agents mainly carry out organisational 

tasks, whereas instance agents and Container agents perform processing tasks. Instance 

agents are assigned to spatial objects. Their principal goals are to guarantee legible 

representations of the spatial objects they are assigned to. They interact in order to reach a 

legible representation of the geographic space. During this interaction, Container agents 

may intervene in order to solve possible bottlenecks. In order to achieve their goals, our 

agents act according to their knowledge and competencies. In the following table, we sum 

up the main characteristics of our agents:    

Goals 

Coordinator agent Generates and transfers the final map to the user according to its 

needs as well as to the map’s context of use. 

Type agent Generates the layer of interest it is assigned to. 

Instance agent Generates legible representations (geometric, graphic and/or 

semantic) of the spatial object it is assigned to. 

Container agent Intervenes to solve bottlenecks.  

Knowledge 

Coordinator agent - The initial data of the geographic space that interests the user.  

- The final data (the map). 

- The user’s needs and the characteristics of his display screen.  

- The context of use of the map. 

- The display scale of the map. 

Type agent - The initial and the final data of its layer of interest.  
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- The progression of the processing of its layer of interest.  

Instance agent - The display scale of the map.  

- Characteristics of the object its handles (multiple representations,  

  priority, etc.). 

- The identities and priorities of its neighbor instance agents. 

- Current states of its neighbor instance agents.  

- The identity of the Container agent it belongs to. 

- Its neighbor instance agents belonging to the same Container agent. 

- Changes in its immediate environment (actions performed, new  

conflicts, elimination of neighbor instance agents, etc.).  

Container agent - The identities and priorities of its components. 

- Current states of its component agents when there is a bottleneck. 

- Neighbor Container agents.    

Competencies  

Coordinator agent - Categorizes initial data.   

- Improves the personalization of the final data.  

- Generates and transfers the final map.   

- Interrupts processing when the user aborts the generation of the 

map. 

Type agent - Assigns objects to instance agents.   

- Generates the final data of its layer of interest. 

- Supervises the progression of processing of its layer of interest.   

Instance agent - Identifies the identities and priorities of its neighbor instance agents. 

- Determines and applies relevant actions (generalization operators 

and multiple representation) to the object it is assigned to. 

- Identifies neighbor instance agents with whom it may be 

aggregated. 

- Identifies its neighbor instance agents belonging to the same  

  Container agent.  

- Assesses its current state (the current state of its object) and updates 

its data. 
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- Solves its spatial conflicts. 

- Generates the final data of its object.  

Container agent - Determines the identities and priorities of its components. 

- Determines the current states of its component agents when there is 

a Bottleneck. 

- Identifies its neighbor Container agents.  

- Determines the relevant actions in order to solve a given bottleneck   

Communication with other agents   

Coordinator agent - Communication with Type agents (sending and reception of the  

   layers of interest’ data, interruption of processing when the user  

aborts the map generation).   

Type agent - Communication with Coordinator agent.  

- Communication with its instance agents (sending and reception of  

spatial objects’ data, interruption of processing when the user aborts 

the map generation). 

Instance agent - Communication with its Type agent.  

- Communication with its neighbor instance agents (exchange of  

information, negotiation, preparation of an aggregation, etc.). 

- Communication with its Container agent (request the intervention of 

its Container agent, reception of orders from its Container agent, etc.) 

Container agent - Communication with its component agents (reception of instance  

   agents data, sending of orders containing actions to perform). 

- Communication with its neighbor Container agents (negotiation and 

   cooperation in order to solve bottlenecks).    

 

Table 5.1 Main characteristics of our agents 

The concept of instance agent has equivalents in several research works, such as the micro 

agent in the AGENT project, as well as in Duchêne’s work (Duchêne 2003), and the maplet 

in the MapBot project. In addition, it can be compared to the simple SGO concept proposed 

by Sabo (2004). All these concepts are assigned to individual objects of the database. The 
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following table summarizes the similarities and distinctions between our instance agents 

and their equivalents in other research works:  

Instance agent  

Similarities  Distinctions  

Micro agent 

(AGENT 

project) 

- Both use multiple 

generalization operators  

- Both identify the relevant 

transformation to apply at each 

processing step 

- Use of multiple representation by 

instance agents 

- Bilateral communication between 

instance agents, whereas no 

communication between micro 

agents 

- Instance agents have  much more 

autonomy compared to micro agent 

- Micro agents are advised by 

objects representing the constraints 

of the agent    

Micro agent 

(Duchêne’s 

work) 

- Bilateral communication 

between instance agents, as well 

as between micro agents 

- Both use multiple 

generalization operators  

 

- Instance agents use multiple 

representation  

- Instance agents identify relevant 

transformations to apply at each 

conflict resolution cycle, whereas 

micro agents use prefixed 

scenarios  

Maplet - Bilateral communication 

between instance agents, as well 

as between Maplets 

 

- Instance agents use also multiple 

representation 

- Instance agents use multiple 

generalization operators, whereas 

Maplets use only displacement  

Simple SGO - Both use multiple 

generalization operators 

 

 

- Instances agents as well as SGO 

use multiple representation. SGO 

use geometric patterns which are 

multiple geometries. However, in 
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addition to multiple geometries,  

instance agents use multiple 

graphics, and multiple semantics     

- Instance agents identify relevant 

transformations to apply at each 

conflict resolution cycle. The 

strategy to identify relevant 

transformations is not yet chosen 

for simple SGO 

 

Table 5.2 Similarities and distinctions between our instance agents and their equivalents in other 

research works 

Furthermore, there are similarities between the concepts of Container agent, meso agent of 

the AGENT project, and complex SGO proposed by Sabo (2004). All these notions 

correspond to a group of objects. They are used in order to facilitate certain generalization 

operations.  

5.4 Architecture of our multiagent system   
The architecture of our multiagent system is composed of two main modules: a control 

module and a spatial processing module (Figure 5.11). The control module is composed of 

the coordination layer. It is responsible for communication with client applications from 

which a user asks for a specific map. It extracts relevant data according to users’ queries 

and profiles, and then sends it to the processing module. At the end of processing, it 

receives the final layers of interest, improves the personalization of their contents, if 

necessary, and transfers them to users. Furthermore, the spatial processing module is 

composed of three layers: a federation layer, a spatial processing layer and a control layer. 

It is responsible for the generation, in real-time, of required maps according to users’ needs. 

It processes the initial data provided by the control module. It solves the spatial conflicts 

that may occur during the generation of maps and returns final data, layer by layer, to the 

control module.    

 

 



 140
 

 

 

 

 

   

 

 

 

 

 

 

 

 

Figure 5.11 Multi-layer architecture of our multiagent system 

5.4.1 The coordination layer 
The coordination layer contains the coordinator agent. This agent is continuously waiting 

for users’ queries. When it gets a new query, it analyzes it, and then extracts the relevant 

data from the users information database and the spatial database. It splits this data into 

several datasets according to data categorization that corresponds to the purpose and 

context of use of the map to be generated. Then, it sends these datasets to the Type agents 

of the spatial processing module and waits for the final data of the different layers of 

interest (Figure37 5.12).  

As soon as the coordinator agent receives the final data of a given layer of interest from its 

Type agent, it adapts this layer to the characteristics of the user’s display screen and 

transfers it to the user’s terminal where it will be superposed with the layers of interest 

already transferred.  

During the map generation process, if the user gets the required information from the 

amount of data already transferred, he can stop the generation and the transfer of the map. 

                                                 
37 Figure 5.12 is done using UML: Unified Modeling Language (Booch et al. 1998).  
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Waiting for user's query

do/ read messages' queue

Data extraction

do/ analyze user's qurey
do/ extract spatial data
do/ extract user data

[new query received]

[no query]

Data assignment

do/ data partitioning
do/ send data to agents assigned to

layers of interest

Waiting for messages

do/ read messages' queue
[layers of
interest
missing]

Adaptation and transfer
do/ adapt layer of interest

do/ transfer layer of interest

[layer of interest
received]

[no message
received]

Abort map generation

do/ notify the spatial processing
module for the abort of map

generation

[end of map
generation]

abort message

In this case, the coordinator agent sends an abort message to the spatial processing module 

in order to stop data processing.  

  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.12 The UML state diagram of the coordinator agent’s life cycle 

5.4.2 The federation layer  
The federation layer contains as many Type agents as layers of interest. As soon as a Type 

agent receives its initial data of its layer of interest from the Coordinator agent, it creates 

and assigns an instance agent to each spatial object of its type. Next, it publishes the 

identities of its instances. The publishing of these identities enables the instance agents to 

determine the priorities of their neighbors. 
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During the map generation process, a Type agent continuously receives the final data from 

its instance agents. According to data already received, it is able to evaluate the progression 

of its layer of interest processing. When a Type agent receives the final data about all its 

spatial objects from its instance agents, it generates its layer of interest and sends it to the 

Coordinator agent. Furthermore, a Type agent may receive an abort message from the 

coordinator agent during its life cycle (Figure 5.13). In this case, it sends an abort message 

to its instance agents and becomes inactive. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.13 A Type agent’s life cycle 
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5.4.3 The spatial processing layer  
The spatial processing layer is responsible for the handling of spatial objects in order to 

generate the required map. It encompasses all the instance agents created by the different 

Type agents. During the map generation process, the instance agents have to solve their 

possible spatial conflicts, maintain the spatial relationships between the objects they handle 

and preserve their legibility. According to the map’s goals and context of use, the instance 

agents with higher priorities may emphasize their semantics by using graphic and semantic 

representations. At every spatial processing cycle, every instance agent supervises the 

changes in its immediate environment and evaluates its current state (Figure 5.14). 

According to the environment changes, it plans and performs the relevant actions. These 

actions may concern negotiation with its neighbor agents and the application of necessary 

transformations to its spatial object. If the instance agent is involved in an aggregation and 

appointed as the responsible for this aggregation, it must determine its new data (geometry 

of the aggregate object it is responsible for henceforth, its neighbor agents, its priority, 

etc.). Finally, when an instance agent finishes its processing, it generates the final data of 

its spatial object and sends it to its Type agent. The interactions of the instance agents 

enable the spatial processing layer to generate the required map according to our 

progressive map generation approach.  

   

 

 

 

 

 

 

 

 

 

Figure 5.14 Overview of an instance agent automaton 
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5.4.4 The control layer  
The control layer is composed of Container agents, which may be created at run time by 

the Coordinator agent according to the display scale required by the user. During the map 

generation process, if a container agent receives a request from one of its component 

agents, it determines if an aggregation is possible between some of them. In order to carry 

out this task, it uses the information about the current coordinates and the priorities of its 

components. This information is attached to the message sent by the instance agent that 

requested the help from the Container agent. If an aggregation is impossible, the Container 

agent may simply order some of its component agents to move, to reduce their sizes or to 

disappear according to their priorities. If an aggregation is decided, the Container agent 

appoints one of its component agents as responsible for this aggregation. This agent must 

compute its new geometry and set up its conflict area, its list of conflicts and its list of 

nearby agents. If the Container agent is unable to find an appropriate solution, it may 

negotiate with its neighbor Container agents. It may ask them to displace or to reduce their 

sizes in order to make free space (Figure 5.15).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.15 An overview of a container agent automaton 
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As mentioned in Chapter 2, there is no easy and fast way to verify the quality of the final 

map that will be sent to the user in the context of on-the-fly web mapping services. 

However, one possible solution is to assign special agents for the assessment of data quality 

before sending it to users. These assessment agents can be included in the control layer. In 

this case, when a Type agent generates the final data of its layer of interest, it sends it to an 

assessment agent. This latter evaluates the quality of data, makes the necessary changes, 

and then sends this data to the Coordinator agent.     

 

5.5 Agents communication  
Figure 5.16 recapitulates how our multiagent system functions. It presents the messages 

exchanged between agents during conflict resolution and map generation. These messages 

are summarized in the following table (Table 5.3): 

 

 Message Comments 

1 Inform (Type_data) Message sent by the coordinator agent to a 

Type Agent. It contains the initial data of the 

Type agent.  

2 Inform (Final_Type_Data) Message sent by a Type agent to the 

coordinator agent. It contains the final data of 

the layer of interest for which the Type agent is 

responsible.  

3 Inform (Object_Data) Message sent by a Type agent to one of its 

instance agents. It contains the data of the 

spatial object to which the instance agent is 

assigned. 

4 Inform (Final_Object_Data) Message sent by an instance agent to its Type 

agent. It contains the final data of the spatial 

object handled by the instance agent. 

 5 Inform (Coordinates) Message sent by an instance agent to its 

neighbors. It contains its coordinates which may 
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change after that the agent performs an 

exaggeration, a displacement, a size reduction 

or a representation change. 

6 Inform (Conflict_Resolution) Message sent by an instance agent to one of its 

neighbors with which it is in conflict. The 

message contains the result obtained by the 

instance agent after applying its conflict 

resolution procedure.  

7 Create (Agent_Identifier) Creation message sent by a Type agent to an 

instance agent. This message is also sent by the 

Coordinator agent to a container agent. 

8 Notify (Elimination) Message sent by an instance agent to its 

neighbors in order to notify them about its 

elimination.    

9 Notify (Conflict)  Message sent by an instance agent to one of its 

neighbors in order to notify it that a new 

conflict was created. 

10 Notify (Stability) Message sent by an instance agent to its 

neighbors in order to notify them about the end 

of its processing. 

11 Aggregation (Demand)     Message sent by an instance agent to some of 

its neighbors with which it may be aggregated.  

12 Aggregation (Response) Message sent by an instance agent to one of its 

neighbors from which it previously received an 

aggregation request. The message contains the 

decision made by the agent as an answer to the 

aggregation request.   

13 Aggregation (Confirmation) When the instance agent that asks for the 

aggregation receives the responses of its 

neighbors with which it may be aggregated, it 

synthesizes these responses. If an aggregation is 
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possible, it sends a confirmation to those of its 

neighbor agents that accepted the aggregation.  

14 Help (Request, coordinates, 

priorities) 

Message sent by an instance agent to its 

container agent when it reaches a bottleneck 

conflicting situation with some of its neighbor 

agents. This situation prevents the instance 

agent to solve its conflicts. 

15 Order (Action) Message sent by a Container agent to one of its 

components ordering it to perform the action 

specified as a parameter.  

16 Abort ()  Message sent by the Coordinator agent to a 

Type agent or to a Container agent or by a Type 

agent to its instance agents in order to inform 

them that the map generation was aborted by 

the user.  

17 Help (Demand)  Message sent by a Container agent to another 

Container agent asking it if it is possible to 

make free space. 

18 Help (Response) Message sent by a Container agent to another 

Container agent in order to tell it whether it is 

possible to make free space for it. 

 

Table 5.3 Messages exchanged between agents 
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Figure 5.16 Summary of agents’ communication (numbers indicate messages in Table 5.3) 
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5.6 Spatial conflict resolution  
According to our approach, the resolution of spatial conflicts results from the interaction of 

instance agents and the intervention of Container agents. This interaction is based upon the 

priorities of the instance agents as well as the current configurations of their contexts. As 

mentioned in our heuristics, during the resolution of spatial conflicts, the agents with the 

lower priorities are more affected by processing than those with the higher priorities. These 

latter have more facilities to position the spatial objects they handle than agents having 

lower priorities. Indeed, when there is not enough space, they are allowed to create new 

conflicts with their neighbor agents having lower priorities by moving or exaggerating their 

objects (Figure 5.17). This strategy favors the agents with the higher priorities whose 

spatial objects will be represented in legible ways in the final map. However, the agents 

with lower priorities act in order to survive to the competition over space occupation.   

Since the spatial conflict resolution is essentially done by instance agents, we present in 

this section how these agents function in order to reach their goals. 

 

 

 

 

 

 

 

 

 

Figure 5.17 (left) Fields of action (conflict areas) of objects according to their priorities, (right) 
objects and the representation of their conflict areas  

 

5.6.1 The life cycle of an instance agent 
The life cycle of an instance agent is described in Figure 5.18. After its creation, every 

instance agent starts by identifying its nearby agents and their priorities. Neighbourhood 

relations are computed beforehand and stored in the spatial database, whereas priorities 

Priority 1 

Priority 2 

Priority 3 

Priority 4 

Priority 1 > Piority 2 > Priority 3 > Priority 4 

The object with priority 1 
can be moved or 
exaggerated and create 
conflicts with the  
neighbor objects with 
priority 2 
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depend on the user’s query and therefore can be known only at run time. Next, the instance 

agent checks its legibility. If it is legible and it has no neighbour, it passes to its end 

processing state during which it generates its final data and sends it to its Type agent. If the 

agent’s size is under the legibility threshold and its priority is low, it eliminates itself and 

notifies its Type agent as well as its possible neighbors about its elimination. If the instance 

agent is not legible and does not have neighbors, it exaggerates itself, sends its final data to 

its Type agent. Otherwise, if the instance agent is legible and has neighbors, it sends its 

coordinates to them and then waits their coordinates. 

The awareness of the instance agent about its environment grows when it receives all its 

neighbors’ coordinates and probably the notification of the elimination of some of them. 

Indeed, the instance agent is able to locate its nearby agents in its environment and to set 

up its conflict area. It becomes also able to make the suitable exaggeration if it is not 

legible at the map scale required by the user. If the instance agent carries out an 

exaggeration, it detects and notifies the new spatial conflicts it is allowed to create, sends 

its new coordinates to its neighbor agents and checks its stability. If the agent became 

stable, it positions its symbol38 (if it has any) and sends the coordinates of its symbol to its 

neighbors. Since symbols may generate new conflicts, we may use one the following 

strategies to detect them: (1) the agents that receive the coordinates of a given symbol 

detect whether this symbol overlaps the objects they handle, or (2) the agent that positions 

its symbol detects conflicts and notifies those of its neighbors concerned by these conflicts. 

We used the second strategy since using the first strategy means that the agent that 

positions its symbol does not check whether it creates new conflicts with neighbor agents 

having the same or higher priorities39. Next, the instance agent passes to its end processing 

state during which it notifies its neighbor agents about its stability and generates and sends 

its final data to its Type agent. If the instance agent did not reach stability, it goes into its 

conflict resolution state. This state will be described in more details in section 5.5.2.  

                                                 
38 The placement of symbols will be discussed in section 5.5.3   
39 These conflicts are not allowed by our approach especially because they lengthen processing and prevent 
agents having higher priorities to finish their processing in accordance with our progressive map generation 
approach. 
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Figure 5.18 The life cycle of an instance agent  

 

5.6.2 Conflict resolution strategy  
The spatial conflict resolution is a hard task especially due to lack of space on display 

screens. Deciding how to allocate space needs to make compromises concerning the objects 

to be represented in the map, their positions, their representations, etc. These compromises 

affect the rapidity and the accuracy of the solution. Generally, accuracy is synonymous to 

more transformations to apply to spatial objects and consequently more processing time.  

The resolution of spatial conflicts using autonomous agents can be done by giving the 

possibility to these agents to compete using several techniques such as cooperation, 
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coalitions and negotiation. In this case, in order to survive the competition, agents having 

the same goals might make coalitions with other agents. Through these coalitions, they 

might look for the elimination or the displacement of other agents in order to make free 

space. The agents might also negotiate in order to obtain an agreement about space 

occupation.  

The idea to solve spatial conflicts using different multiagent systems’ techniques is 

interesting, but not realistic. Indeed, in order to reach a given agreement concerning a 

coalition formation or a negotiation multiple messages must be exchanged between agents. 

The exchange of these messages would result in an extra time that slows down the system. 

In addition, attempts to form coalitions or negotiate do not always mean that an agreement 

will be reached. Therefore, a user might wait indefinitely the map that will not be generated 

since agents would be unable to find solutions for their mutual conflicts. In this case, we 

should better impose rules that restrict the autonomy of agents and lead them during their 

interaction. These rules are particularly important since on-the-fly map generation process 

is time-critical. In this dissertation, we limit the agent interactions to negotiation and 

cooperation. On one hand, the agents can cooperate in order to create aggregations that 

enable them to solve bottlenecks. On the other hand, negotiation is used in order to solve 

spatial conflicts between agents.  

Negotiation techniques have been used in multiagent systems for several purposes, such as 

military negotiation, auction, resource allocation, task allocation, and conflict resolution 

(Green et al. 1997, Zhang and Lesser 2002). There is no clear and common definition of 

what negotiation is (Green et al. 1997, Parunak 1999). Parunak (1999) defined negotiation 

as an interchange between several participants and often called upon to reconcile multiple 

objectives. Bussmann and Muller (1992) defined it as the communication process of a 

group of agents in order to reach a mutually accepted agreement on some matter. Finally, 

Huhns and Stephens (1999) defined it as the process by which two or more agents reach a 

common decision, each trying to reach an individual goal.  

In order to solve spatial conflicts, our instance agents negotiate, each trying to obtain 

enough space wherein to place the object it handles as well as its symbol (if it has any). 

During negotiation, the agent with a lower priority makes the first effort to solve the 

conflict. This effort does not necessary result in the application of a cartographic 
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1. Carries out the best  possible transformation

:Agent with
lower priority

:Agent with
higher priority

2. notification for the result

3. If conflict unsolved, carries out
the best transformation

3.1 notification for the result

3.2 If conflict unsolved,assumes its
resolution until its end

generalization operator or the change of the representation of the spatial object. Indeed, it 

may be impossible for the agent to act because of lack of space. In this case, the agent with 

the higher priority has to make an effort to solve the conflict. If no solution can be found by 

this latter agent, the agent with the lower priority is responsible for the resolution of the 

conflict until its end (Figure 5.19).  

 

 

 

 

 

 

 

Figure 5.19 Conflict resolution pattern  

 

The behavior of any instance agent depends on the changes of its immediate environment 

as well as on the messages it receives from its nearby agents, from its Type agent or from 

the container agent it belongs to. This behavior is described in Figure 5.20. During its life 

cycle, an instance agent performs the following actions:  

- The agent checks the messages it may receive in its message queue. These messages may 

be: a notification of the elimination of a nearby agent, the coordinates of a nearby agent, the 

coordinates of a symbol of a nearby agent, a notification of a new conflict, a notification of 

the result of an action carried out by a nearby agent, a notification of the stability of a 

nearby agent, a request for an aggregation, an answer to an aggregation request, an order 

from its container agent to carry out specific transformations or a confirmation of an 

aggregation with nearby agents.  

- The agent updates its data at the beginning of every spatial conflict resolution cycle (its 

conflict area, its list of conflicts, its list of nearby agents, its list of stabilized nearby agents, 

etc.).  

- The agent determines the best action to perform if it receives a notification about a new 

conflict. If this action is an aggregation, the agent identifies among its neighbors those with 

which it may be aggregated, then sends to the agents an aggregation request.  
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- If it received an aggregation request from a nearby agent, the agent evaluates this request 

and then returns its response.  

- If it identified a transformation which can be applied, if it received an order from its 

Container agent, or if it received a confirmation of an aggregation, the agent carries out the 

required transformation. Then, it assesses the results of this action and updates its data and 

evaluates its new state. Next, it sends its new coordinates to its nearby agents.  

- The agent carries out the same process until it becomes stable, or if it is eliminated, or if it 

is aggregated with some of its nearby agents.  

- If the agent becomes stable, it positions its symbol if its priority is high, notifies its 

neighbor agents (it sends its new coordinates and the coordinates of its symbol to them), 

sends its final data to its Type agent.  

- If no solution can be found during the resolution of conflicts and the agent cannot be 

eliminated considering its importance, it may ask help from its container agent.   
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Figure 5.20 Conflict resolution strategy 

5.6.3 Spatial processing capabilities  
During the map generation process, every instance agent handles the spatial object under 

its responsibility by applying several cartographic generalization operators. In addition, the 

agent may use multiple representations of the spatial object it is assigned to. These 

transformations represent the spatial processing capabilities of the instance agent.  
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Any action that the agent chooses to perform must be the best in the sense that it solves as 

many conflicts as possible, it creates allowed conflicts as few as possible, it preserves 

spatial relations with neighbor agents, and it keeps its legibility as much as possible. At 

each conflict resolution step, the instance agent verifies the results that it may obtain by 

size reduction, displacement, aggregation or representation change, then chooses the best 

action to perform (Figure 5.21). The agent is not obliged to compute each time these results 

since some of them may have been calculated in previous conflict resolution cycles and 

stored in the agent’s memory.  

 

 
 

 

 

 

 

 

Figure 5.21 Choice of the actions to be performed by an agent 

 

As mentioned in Chapter 2, Section 2.1.2, there is no general agreement neither on the 

number, nor on the terminology used to describe generalization operators. Since we do not 

intend to implement all existing operators, we limit our instance agents to the use of 

displacement, size-reduction, exaggeration, elimination and representation change. Other 

operators may be added to our agents’ capabilities in accordance with the type of the map 

and its context of use.    

 Displacement  

When an instance agent receives the coordinates of its nearby agents, it becomes able to 

determine where its neighbors are located and then to set up its conflict area that restricts its 

displacements and enables it to prevent new conflicts. Since the agent knows the priorities 

of its neighbors, it is possible for it to carry out the suitable displacements at every spatial 

processing cycle. In order to prevent new conflicts that may occur in the future, the 

instance agent should avoid moving toward its neighbors which have higher priorities, 
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especially since these latter are allowed at any time to create new conflicts with their 

neighbor agents with lower priorities. 

Theoretically, any instance agent can move the object it handles along any desired 

direction. This strategy gives the agent more chance to solve its conflicts at the cost of 

processing time. Therefore, it should be better to restrict the directions along which 

displacements are authorized with respect to the accuracy required for the map and its 

context of use. In the case of displacement, this accuracy is related to spatial relationships 

between spatial objects. In order to make a move, the instance agent computes its 

displacement vector whose dimension corresponds to the number of the authorized 

displacement directions. This vector represents how much the instance agent can move the 

spatial object it handles along each direction. If the instance agent identified displacement 

as the relevant generalization operator to apply at a given processing step, it chooses and 

applies the best move. Furthermore, since on-the-fly map generation is time-critical, the 

algorithm that implements the displacement operator should not be complex. 

 

 Size-reduction and exaggeration  

The use of size-reduction or exaggeration transformations depends on the priority of the 

object to be transformed as well as on its context. The exaggeration of spatial objects 

enables them to improve their legibility especially when they are represented at reduced 

scales. Since we intend to improve maps’ personalization and increase their usability in the 

context of on-the-fly services, we only exaggerate objects which are important to users. In 

contrast, we do not worry about objects with a low importance to users especially due to 

lack of display space. In order to carry out an exaggeration, an instance agent must be 

careful to create no new conflict with neighbor agents having higher priorities or the same 

priority. In addition, even if conflicts are allowed with agents with lower priorities, they 

should be avoided as much as possible. The instance agent has the necessary knowledge to 

fulfil suitable exaggerations since it knows the location of its neighbor agents as well as 

their priorities. The borders of its conflict area help it to compute how much it can 

exaggerate the spatial object it handles.  

Furthermore, during size-reduction, the objects having lower priorities may be scaled-down 

with no worry about their legibility. Those of them, whose sizes fall under the visibility 
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threshold, are eliminated. We do not improve their legibility due to their low importance to 

the user and the additional processing time that results from this improvement. However, 

the size reduction of objects with higher priorities must be done carefully since these 

objects cannot be eliminated.  

The application of an exaggeration or a size reduction to a given spatial object may result in 

a regular or an irregular transformation of the object’s shape. The irregular transformation 

enables us to keep as much as possible the legibility of this object. Nevertheless, it should 

be noted that this transformation must not alter considerably the object’s shape and must be 

used with respect to the geometric accuracy of the requested map. For example, in a tourist 

context, where the focus is mostly on the semantic content of maps, irregular 

transformations are permitted. However, these transformations are not permitted during the 

design of a town plan that focuses on the geometric accuracy of objects.  

When the question is about exaggeration, the irregular transformation of the object’s shape 

consists in the exaggeration of the object’s size from the sides where free space is available 

or toward objects with lower priorities (Figure 5.22). However, when the question is about 

size reduction, the irregular transformation of the object’s shape consists in the reduction of 

the object’s size from the sides where conflicts are detected (Figure 5.23).   

   

 

 

 

 

 

 

Figure 5.22 Illustration of exaggeration  
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Figure 5.23 Illustration of size reduction 

   

 Aggregation   

An aggregation enables several objects of the same type to merge into one single object. In 

a given aggregation, important objects are merged together and non important objects 

together. Here, the importance of a given object is evaluated in function of the user’s needs 

and the map’s context of use. Important objects may be aggregated if there is not enough 

space. In order to make free space, the instance agents assigned to these objects may oblige 

their neighbor agents assigned to non important objects to move, to scale-down or to 

eliminate the objects they handle, but never ask them to be aggregated together.  

An aggregation may be decided directly between neighbor instance agents. In this case, 

instance agents can cooperate in order to merge themselves into one object that can survive 

to space competition. The request for an aggregation may come from an instance agent in 

difficulty. This agent checks the list of its neighbors, then contact those of them with which 

it may be aggregated. These latter agents can accept or refuse the aggregation demand 

according to their current situations. When the sender of the aggregation demand receives 

the responses of its neighbors, it analyzes these responses and determines whether an 

aggregation is possible (Figure 5.24). If an aggregation is feasible, it sends a confirmation 

to those of its neighbors that accepted the aggregation. Next, it determines its new data (the 

new geometry of the aggregate object, the list of its neighbor objects, its conflict area, etc.).  

An aggregation may also be imposed by a Container agent as the solution for a bottleneck. 

In this case, this agent determines its component objects that will be aggregated, those that 

may be eliminated, scaled-down or displaced, and appoints one of its component agents as 
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the responsible for the new aggregate object. Then, it sends orders to its component agents 

to carry out its decisions.  

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.24 (top) aggregation impossible, (down) aggregation feasible 

 

 Elimination    

Elimination is applied to objects which do not have any particular importance to the user. 

This transformation is carried out in three cases: the object’s size is under the legibility 

threshold, no possible solution can be found for a given spatial conflict and the reception of 

an order from a container agent. The elimination enables the system to speed up the map 

generation process. Indeed, the elimination of illegible objects with low importance at the 

beginning of the processing results in a decrease of the processing load. In addition, this 

elimination does not represent a loss of information since the objects affected by this 

transformation have lower priorities. These priorities are under a specific level set up 

according to the purposes of the map and to its context of use.      

the sender agent  
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the aggregation 
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 Representation change 

During processing, an instance agent may change the geometric representation of the 

spatial object it handles. According to its current situation, this agent may choose from the 

multiple geometries of its object the one that enables it to solve its conflicts. Furthermore, 

in accordance with the map’s goals and context of use, agents with higher priorities are 

allowed to use their semantic and graphic representations40. These agents may use any 

combination of their three representation types (geometric, graphic and semantic 

representations) according to the available space and to the importance of the information 

represented by the spatial objects they handle. For example, an instance agent with a higher 

priority may represent the object it handles by a geometric and a graphic representations, or 

by a graphic and a semantic representations. Here, the use of multiple representations with 

a given spatial object enables it to solve spatial conflicts without applying relatively 

complex and time-consuming processing. In addition, it enables the system to emphasize 

the semantics of spatial objects. However, in order to make an efficient use of multiple 

representation, we have to deal with some problems such as the placement of symbols.  

 

5.6.4 Symbol placement  
Many research works that addressed the placement of labels tried to respect the Imhof41 

rules. According to these rules, the placement of labels depends on neighbor objects. The 

most important thing is to avoid spatial conflicts. Labels can be placed anywhere around 

the objects they represent. However, it is important that these labels be located close to the 

objects they represent in order to let the user easily make the association between each 

object and its corresponding label. 

By analogy with label placement, our heuristic consists in placing symbols close to their 

corresponding objects anywhere around them while avoiding conflicts with nearby objects. 

If it is important to display the geometry of an object in the final map, it would be better to 

place its symbol at one of its corners (Figure 5.25.b). However, if we want to avoid 

overlaps as much as possible, it would be better to place the symbol at the object’s 

                                                 
40 We use this heuristic in order to improve the semantic content of the map by emphasizing important 
information to the user. 
41 http://www.digitalearth.net.cn/readingroom/basicreader/giscouse/u17.htm  
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barycentre as long as this symbol does not completely cover the object (Figure 5.25.a). 

Furthermore, as we announced in our heuristics (see Section 5.2), we allow overlaps 

between symbols and roads as long as these overlaps do not completely cover these roads. 

We also allow overlaps between symbols and objects that do not have any particular 

importance to the user. These overlaps may confuse the user who may not know to which 

object belongs the symbol. In order to avoid this ambiguity, we can use, for example, dark 

colors for important objects and light ones for non important objects.    

When an instance agent is allowed to use multiple representations of the spatial object it 

handles, it has to choose the suitable symbol according to the user’s query. If not enough 

space is available, our instance agent can change the geometric representation of the object 

it handles. In this case, the new geometry may be a small circle or rectangle whose sizes 

correspond to the perception threshold. This strategy enables the agent to make space 

wherein to place its symbol (Figure 5.25.c).  

 
 

 

 

 

 

 

 

 

 

 

Figure 5.25 Placement of symbols 

 

The placement of symbols may generate new spatial conflicts. In order to ovoid these 

conflicts, an instance agent tries to find a position wherein to place its symbol without 

overlapping the symbols or the geometric representations of its neighbor agents having 

higher priorities. When several important objects are close or when they are aggregated, the 

placement of their symbols may be impossible without overlaps due to lack of space. One 
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possible solution is to use a graphic aggregation (Figure 5.26). This aggregation, consists in 

the use of a distinctive symbol (e.g. M like Multiple) in order to indicate that the aggregated 

object encompasses several important objects. This solution is also interesting when a given 

building is composed of several floors containing important services to the user. If a 

graphic aggregation is used, the user can, for example, get details about the components of 

the aggregate object by a mouse click on the distinctive symbol. In this case, the different 

symbols are displayed on the user’s screen. 

 

 

 

 

 

 

 

 

Figure 5.26 Graphic aggregation 

 

5.7 Discussion  
In this chapter, we presented our multiagent system-based approach that addresses on-the-

fly map generation and more specifically spatial conflict resolution. In order to reach our 

goals, we first intended to provide our agents with the possibility to collaborate, negotiate, 

compete, and make coalitions. In the beginning, we thought that these techniques would 

likely model in a suitable manner the agents’ competition for occupation of the reduced 

display space. However, we realized that an approach based upon such techniques would 

take too much time with respect to acceptable delays regarding on-the-fly mapping 

applications. Nevertheless, such an approach may be used in the context of on-demand map 

generation since maps are not immediately expected by users. Therefore, in order to shorten 

the processing time, we restricted the agents’ interactions to only cooperation and 

negotiation, according to a specific pattern (Figure 5.19).  
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5.7.1 Discussion about spatial conflict resolution  
As mentioned in section 5.1, we defined three problems to be addressed during the 

resolution of spatial conflicts: (1) the identification and application of relevant 

transformations to spatial objects; (2) the adaptation of maps’ contents at the source and in 

real-time, to users’ needs, and (3) the slowness of the entire process of map generation and 

map transfer. 

- Identification of relevant transformations  

In order to determine the transformation to be applied to a given object at every spatial 

conflict resolution cycle, an instance agent checks the results it may obtain from the 

application of every transformation it is able to perform. Then, it chooses the 

transformation that gives the best results according to the current configuration of the 

space. This search function enables us to generate more flexible maps. However, it results 

in extra processing time even though this time is originally shortened given the fact that our 

agents memorize the outcomes of their previous calculations.  

Our search function for the best transformation to be applied to spatial objects can be 

compared to the one proposed by Ware et al. 2003 (c.f. Chapter 3, section 3.3.3), as well as 

to that proposed by Ruas (1999) in the context of the AGENT project. On the one hand, in 

contrast with the search function proposed by Ware et al. (2003) which chooses the action 

that generates the best configuration for the entire space, our search function chooses the 

action that results in the best local configuration of the space surrounding objects in 

conflict. In addition, our search function takes advantage of previous calculations in order 

to shorten the search time. On the other hand, in the approach proposed by Ruas (1999), a 

given micro agent chooses the best generalization operators to improve its current state. 

However, since this agent does not communicate with its neighboring micro agents, it has 

no idea about their current actions. Therefore, the agent’s search function may not be 

efficient enough. In our approach, communications between neighboring agents enable 

them to make better choices concerning the actions to be performed.  

- Adaptation of maps’ contents to users’ needs  

In order to adapt the contents of maps at the source, our multiagent system emphasizes the 

most important information to users during spatial conflict resolution. This information 

may be explicitly requested by the user. It may also be any relevant information for the 
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map’s context of use, as for example information about landmarks that enable users to 

easily find their ways. During processing, agents having higher priorities, which cannot be 

eliminated, have more chances of legibly representing the objects they are assigned to on 

the final map than those having lower priorities. Moreover, these agents may position their 

objects using their multiple representations (graphic, geometric, and semantic).  

As discussed in Chapter 3, there is no existing spatial conflict resolution approach that 

adapts the content of maps at the source. Therefore, our approach is considered to be the 

only research work that permits the personalization of maps during their generation. 

- Slowness of the entire process of map generation and map transfer 

The interaction of our instance agents and Container agents enable us to generate the final 

map, layer by layer, according to the importance of data for the user. This approach enables 

us to deal with the slowness of the whole process of map generation and transfer. As soon 

as a given layer of interest is generated, the Coordinator agent transfers it to the user. 

Meanwhile, the instance agents and Container agents continue the generation of the map. 

Apart from our approach, there is no existing approach that generates and transfers a given 

map at the same time.  

5.7.2 Discussion about on-the-fly map generation 
Our on-the-fly map generation approach can be distinguished from three main projects, 

based upon multiagent systems: the AGENT project (Ruas 1999, Lamy et al. 2001, 

Duchêne and Ruas 2001), the approach proposed by Duchêne (Duchêne 2003), and the 

MapBot project (Maozhen et al., 2002). Distinctions can be made according to several 

criteria, such as the purpose of the research work, the spatial data processing, the 

architecture of the proposed multiagent systems, and the agents’ interaction.  

 

Distinctions according to the goals of the research works 

The AGENT project and the research work of Duchêne (2003) focus on cartographic issues 

during map generation. They address the automation of the cartographic generalization 

process. Furthermore, the MapBot project focuses on the retrieval of spatial data in a web 

mapping context. Our research is the only work that uses multiagent systems for on-the-fly 

map generation. In contrast to the other existing research works based upon the use of 
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multiagent systems, our approach emphasizes the objects that are important to the user. It 

improves the personalization and usability of maps by providing helpful information to 

users. What’s more, our approach is generic. It enables us to generate maps on-the-fly for 

various purposes, such as tourism, military use, and the management of emergency 

situations. For each type of application, the necessary rules concerning data generation 

should be added to the multiagent system. Furthermore, our approach can be used in both 

web and mobile contexts. 

 

Distinction according to spatial data processing 

The AGENT project, as well as the system proposed by Duchêne (2003), process spatial 

data using several cartographic generalization operators. In the MapBot project, only 

displacement is used to process the spatial information. In contrast, we use several 

cartographic generalization operators (elimination, displacement, aggregation, 

exaggeration, and size-reduction) in order to process spatial data. We also use multiple 

representation, which is one of the main distinctions from the other multiagent-based 

research works.  

Furthermore, in contrast to Duchêne’s work (Duchêne 2003), where micro agents process 

data according to predefined scenarios, our approach, as well as that used in the AGENT 

project, determine the relevant transformations to be applied to spatial objects according to 

the current spatial configuration. Therefore, both approaches are flexible. Nevertheless, our 

approach should provide even greater flexibility since our instance agents are more aware 

of their immediate environments than micro agents in the AGENT system. 

 

Distinction with regards to the architecture of the proposed multiagent systems  

In the MapBot project, the architecture of the multiagent system is composed of two levels. 

At the lower level, several maplets (each maplet is an agent assigned to a specific map 

feature) negotiate in order to determine the best moves that may solve existing conflicts. At 

the top level, a house-keeping agent controls the process flow and monitors the overall 

condition of optimization (e.g. the number of remaining conflicts). This architecture can be 

distinguished from that of our multiagent system in several ways: 
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- Our architecture is composed of four layers (Coordination, Federation, Processing 

and Control layers), whereas that for the MapBot project is only composed of two 

layers.  

- Our instance agents are, in some ways, similar to maplets given that they are 

assigned to individual objects. However, in contrast to maplets, they can carry out 

more transformations than displacement and may also be aggregated.  

- The task of the house-keeping agent may be very complex, especially when the 

number of agents is high. This agent must have an idea about the current 

configuration of space in order to better monitor the spatial data processing. In 

addition, the house- keeping agent does not solve deadlock situations that only 

result from the use of displacement to solve spatial conflicts (c.f. Chapter 3). Our 

Container agent has some similar functions to those of the house-keeping agent; 

however, it only controls a limited portion of the space. What’s more, it intervenes 

in order to solve bottlenecks. 

- The house-keeping agent has some of the same functionalities as our Coordinator 

agent.  

- In the multiagent system architecture of the MapBot project, there is no agent 

equivalent to our Type agents.     

Furthermore, in the AGENT project, the multiagent system is composed of three levels of 

agents: micro, meso, and macro. However, our multiagent system encompasses four levels 

of agents: Coordinator agent, Type agent, instance agent, and container agent. The 

comparison of our multiagent system architecture and that proposed in the AGENT project 

results in the following points: 

- There are similarities between micro agents and instance agents. Both types of 

agents are assigned to individual spatial objects.  

- There are similarities between meso agents and Container agents. Meso agents, as 

well as our Container agents, interact with each other and respectively order micro 

agents and instance agents to perform specific operations. However, our Container 

agents come into play only when bottleneck situations occur between instance 

agents, which are responsible for the generation of the required maps. They help 
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speed up the generation of the required maps and fully automate the cartographic 

generalization process. 

- The concept of Type agent is specific to our approach. A Type agent may be 

responsible for objects from several classes such as buildings, roads, places, and 

lakes. It can be compared to a macro agent of the AGENT project only when it is 

responsible, for example, for all buildings or all roads. Moreover, our Type agents 

depend on the categorization of data, which depends on the user’s query and the 

intended use of the map to be generated. 

 

Distinction according to agents’ interactions  

In the MapBot project, maplets negotiate with each other. In our multiagent system, 

instance agents also negotiate in order to reach their goals. In addition, our agents may 

cooperate in order to merge themselves into a single agent. In the AGENT project, there is 

no interaction between micro agents which receive orders from meso and/or macro agents 

to perform specific required operations. In contrast to these agents, our instance agents, as 

well as the micro agents of Duchêne’s work (2003), interact bilaterally. Our instance agents 

negotiate and cooperate in order to reach their goals. Furthermore, in the AGENT project, 

the constraints are modeled as objects that act as advisers for micro agents. At each map 

generation step, constraint objects propose to micro agents actions to perform. In our 

research work, we do not have an equivalent for these objects. In fact, our instance agents 

act autonomously.  

5.8 Conclusion  
In contrast to any other existing spatial conflict resolution technique, our approach is based 

upon the use of a multiagent system, cartographic generalization and multiple 

representation. In addition, it takes into consideration the user’s needs and the map’s 

intended use during the resolution of conflicts. This important functionality is not provided 

by other existing approaches. Furthermore, our approach reduces users’ waiting delays 

since it generates and transfers the requested maps at the same time.    
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In addition to spatial conflict resolution, our approach addresses on-the-fly web map 

generation. The following table summarizes what distinguishes our approach from other 

multiagent system-based approaches that address the map generation process: 

 AGENT  Duchene’s work MapBot Our approach 

Purpose  Cartographic 

issues 

Cartographic 

issues 

Retrieval of 

spatial 

information 

Generic  

Cartographic 

generalization 

Multiple operators Multiple 

operators 

Displacement Multiple 

operators 

Multiple 

representation 

_ _ _ Supported 

On-the-fly 

generation 

_ _ _ Supported  

Agents’ 

interaction 

No 

communication 

Negotiation Negotiation Negotiation and 

cooperation 

Personalization _ _ _ Supported  

Map generation 

and transfer 

Generation of the 

whole map 

Generation of the 

whole map 

Generation then 

transfer of the 

whole map 

Generation and 

transfer of the 

map  at the same 

time 

Mobile 

cartography 

_ _ _ Supported  

 

Table 5.4 Comparison of our approach with the AGENT approach, the MapBot approach, and the 

approach proposed by Duchêne (2003) 

 

As one can see, our approach can be distinguished from the others that address the process 

of automatic map generation according to several criteria. These distinctions should 

provide our approach with several advantages, such as the improvement of on-the-fly web 

map personalization, and the reduction of users’ waiting delays since they receive the 

requested maps, layer by layer, according to the importance of the data. However, some of 

these advantages result in additional processing time. For example, the use of container 

agents requires the identification of the different aggregations at different scales 
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beforehand. This manual work consumes human resources. Furthermore, in order to 

improve the personalization of the content of maps, our agents must determine, at each 

processing cycle the best actions to take. In other words, our agents need to compare the 

results they could get by applying any one of the possible actions during the current 

considered situation. The search method for the best action may increase the processing 

time, even if some results obtained during previous processing cycles are already stored in 

the agents’ memories. Nevertheless, since our approach generates and transfers data at the 

same time, we hope to offset the additional processing time.  

Furthermore, in contrast to the other existing approaches, our multiagent-based approach is 

generic. In order to use our approach, we need to categorize the spatial data according to 

users’ needs and preferences, as well as according to the intended use of the map. In the 

next chapter, we will see how we applied our approach in the context of the SIGERT 

project which aims to generate tourist maps on-the-fly.  
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Chapter 6  

Multiagent system, implementation and results 
 

 

 

The goal of this chapter is to present the results and evaluate the performance of our 

approach which was applied in the context of web and mobile mapping applications, and 

more particularly in the context of the SIGERT system. We present an overview of the 

implementation of our prototype and assess the quality of the maps it generates. In order to 

carry out this assessment, we present the state of the art of existing approaches that 

addressed the evaluation of maps quality. In the scope of this thesis, we do not propose a 

new approach of map quality evaluation. We do not follow a specific approach either. 

However, we identify the important criteria used in existing evaluation approaches and 

check whether they are respected by the results obtained using our approach.  

6.1 Tourist web maps   
Internet is an important way for tourist companies to promote their travel services. Almost 

25% of the tourist industry incomes are currently generated through the web and analysts 

expect that in 2006 more than 52% of travel sales will be carried out over the web 

(Dahinden, 2002). The tourist industry is becoming more conscious of its customers’ needs 

who request more personalized and accessible web services. Nowadays, many web sites 

provide services to tourists such as the opportunity to plan and to find their routes, to look 

for accommodations and to find specific destinations. Figure 6.1 gives samples of tourist 

maps provided by some web sites in response to a query looking for the address “2450 

Boulevard Laurier, Sainte-Foy, Québec G1V 4W7, Canada”. The tourist map provided by 

the Google Earth application is a satellite image stored in a spatial database. The user can 

enrich this map by selecting the data layers (as for example road layer, building layer, 

accommodation layer, etc.) that interest him. In this case, these layers are superimposed on 

the satellite image. It should be noted that usually these images do not have a high 



 173
 

resolution. In contrast with Google Earth, the other existing tourist web mapping 

applications focus on the road network. They provide tourists with maps having few details.  

Despite all the tourist mapping services available on-line, the web remains insufficiently 

exploited for the promotion of tourist activities with respect to cartographic needs. Indeed, 

tourists continue to widely use paper maps to get geospatial information. In addition to 

paper maps, tourists often use tourist information services to get more details about the city 

they are in. These services are not always available and accessible. Hence, tourists are not 

always able to get relevant information at the right time. Therefore, providers have to find 

better ways to disseminate geospatial information efficiently and quickly in order to meet 

users’ expectations.  
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Figure 6.1 Samples of tourist maps provided by some web sites42: (a) Mapquest, (b) YahooMaps, 
(c) Maporama, (d) Map24, (e) Michelin, and (f) Google Earth 

 

                                                 
42 http://www.mapquest.com/, http://maps.yahoo.com/, http://www.maporama.com/, http://www.map24.com, 
http://www.viamichelin.com/   

a b 

c d 

e f 
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6.2 The SIGERT system   
We applied our approach for spatial conflict resolution and on-the-fly map generation in the 

context of tourist mapping application, more precisely in the context of the SIGERT43 

project (Gbei et al. 2003). In this project, our team developed the SIGERT system which 

was designed to generate maps for web and mobile users on the basis of multiple 

representation and cartographic generalization. It aims at creating software tools which can 

provide on-the-fly personalized maps to users according to their preferences and the 

visualization characteristics of their terminals (desktop, PDA, mobile phone, etc.). The 

SIGERT system is based on a Client/Server architecture which is composed of 2 two main 

components (Figure 6.2):  

 A Client side which provides user interfaces adapted to different kinds of terminals 

(desktop, PDA, mobile phone, etc.). These interfaces enable users to log in the SIGERT 

system and specify their queries. They provide an orientation map that helps users to select 

their areas of interest. Currently, two user interfaces have been developed; one for desktops 

and one for PDAs using ASP.NET and ASP.NET Mobile respectively.  

 A Server side which provides the required maps to users according to their queries. It 

encompasses a spatial database which contains multiple representations of geospatial 

objects and a users database which stores information in order to authenticate users and to 

record the parameters which are used to personalize maps’ contents. In addition, the Server 

encompasses our multiagent system which analyses users’ queries, extracts relevant 

datasets, then creates and delivers the required maps.  
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Figure 6.2 The SIGERT’s architecture 

In order to get a map from the SIGERT system, a web user or a mobile user first logs in the 

system. Then, he selects an area of interest on the orientation map displayed on his 

terminal. Using SIGERT’s client interface, the user can indicate his destination or choose 

specific elements (buildings, places, lakes, etc.) he is looking for. When the SIGERT’s 

server receives the user’s query, the multiagent system analyzes it and retrieves the required 

datasets from the spatial database and from the users database. Next, the multiagent 

system stores these datasets in a GML file which will be processed automatically in order 

to create a map which fits the user’s needs and profile. At the end of the processing, the 

multiagent system carries out final adaptations in order to let the map fit the characteristics 

of the user’s terminal, and then it sends the final map to the user’s terminal in order to be 

displayed. 

6.3 Technological choices  
Jade: Platform of multiagent system development  

There are numerous existing platforms for multiagent system development, such as Zeus44, 

MadKit45, AgentBuilder46, Jack47, Beegent48, and Jade49. These platforms may be compared 

                                                                                                                                                     
43 In Annex A, we give more details about the SIGERT system and its functionalities. 
44 Zeus: http://www.labs.bt.com/projects/agents/zeus   
45 MadKit: http://www.madkit.org/   
46 AgentBuilder: http://www.agentbuilder.com/  
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according to several characteristics such as the methodology used, the easiness of learning 

the platform, flexibility, inter-agents communications, and deployment (Quinqueton 2004). 

For example, Zeus and AgentBuilder, which can be considered as the most complete 

platforms (Quinqueton 2004), provide users with tools to debug programs as well as with 

abundant documentations. However, they are not enough extensible (Tchikou 2004). In 

addition, the users of the Zeus platform must know its modeling technique Role Modeling, 

while those of AgentBuilder must know the Reticular Agent Definition Language (RADL). 

Jade is an open source software framework. It helps the development of agent applications 

in compliance with the FIPA 2000 specifications for interoperable intelligent multi-agent 

systems (Bellifemine et al. 2001). It supports agent-based applications whenever they need 

to exploit some feature covered by the FIPA standard specification (message exchange, 

agent life-cycle management, etc.). Jade, as well as Jack, provides users with high facilities 

of implementations. The development of agents using Jade is based upon Java, while it is 

based upon the JAL language (Jack Agent Language) in the case of Jack.     

Since the implementation of our prototype requires high facilities of implementation, we 

chose Jade to build our multiagent system. Our choice was also motivated by the fact that 

agents in Jade are developed using Java. The advantage of using Java is essentially its 

portability. Indeed, this programming language enables us to use our system on different 

operating systems. Jade provides developers with several predefined agent’s behaviors such 

as simple, cyclic, sequential, parallel and finite state machine. These behaviors enable 

developers to define the actions that will be carried out by their agents in order to reach 

their goals. In the implementation of our prototype, they help us implementing our agents 

according to the different UML diagrams presented in Chapter 5.   

 

GML (Geography Markup Language) and SVG (Scalable Vector Graphics)  

In order to store our spatial data, we used GML files. GML (Geography Markup Language) 

is an emergent standard that was created in order to encode the geographic information into 

an exchangeable format on the Internet, as well as to describe different geographic 

information (as for example roads, buildings, and rivers) which may be issued from 

                                                                                                                                                     
47 Jack: http://www.agent-software.com/   
48 Beegent: http://www2.toshiba.co.jp/rdc/beegent/index.htm   
49 Jade (Java Agent Development framework): http://jade.cselt.it/  
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different domains. GML provides users with several benefits such as better quality of maps, 

works on a browser without the need to purchase client-side software, custom map styling, 

editable maps, control over content, and animated features (Galdos 2005). In addition, the 

easy use of several related XML technologies (e.g. XML Schema, XSLT, XLink, XPointer, 

SVG) with GML, makes the GML language easier to process in heterogeneous 

environments. Moreover, GML can be readily mixed with other types of data such as text, 

image, and video.  

In order to represent the geographic space using GML, every spatial entity is described by 

several properties. Every property is described as a triplet (name, type, value). The 

encoding of a specific geometry in GML is done using predefined properties which can be 

used in order to link the geographic entities with particular types of geometries (points, 

lines, polygons). As for example, the type Building that describes the object Frontenac 

Castle is linked to the object type Polygon using geometric properties PolygoneProperty 

(Figure 6.3).   

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.3 Description of the building ‘Frontenac Castle’ in GML 

 

<Building> 
   <Nom>Chateau Frontenac</Nom> 

<Adresse>125, rue des Carrières, Québec, G1R 4P5</Adresse> 
<Utilisation>Hotel</Utilisation> 
<gml:polygonProperty> 

<gml:Polygon srsName=""> 
<gml:outerBoundaryIs> 
<gml:LinearRing> 
<gml:coordinates> 

331782.15625,5186677.625 
331782.375,5186677.5 
331782.65625,5186677.5 
331782.9375,5186677.5 
331783.21875,5186677.5 
331783.5,5186677.5 ... 

</gml:coordinates> 
</gml:LinearRing> 
</gml:outerBoundaryIs> 
</gml:Polygon> 

<gml:polygonProprety> 
</Building> 
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In order to visualize maps encoded in GML files on desktop screens, we transformed these 

files into SVG files. This transformation is done using XSL50 transformations. XSL is a 

programming language used to transform an XML document into other formats, such as 

RTF, HTML, or PDF. This language is declarative, which makes it easier to use for 

developers. In fact, XSLT (XSL Transformation) enables us to transform the GML 

arborescence into rules of models describing a style sheet. Furthermore, XSLT can be used 

to perform some generalization operations. In fact, it was used in the GiMoDig project to 

generalize data. We also used an XSLT-based generalization in the context of the SIGERT 

project in order to improve the personalization of maps.   

The application of an XSL transformation to a GML file generates a SVG file ready to be 

displayed on a desktop screen. SVG is a language used to describe two-dimensional 

graphics in XML. It allows developers to use three types of graphic objects: vector graphic 

shapes (e.g., paths consisting of straight lines and curves), images, and text. In SVG, 

graphic objects can be grouped, styled, and transformed, while text can be in any XML 

namespace suitable to the current application, which enhances accessibility to SVG 

graphics. Moreover, a rich set of event handlers, such as onmouseover and onclick, can be 

assigned to any SVG graphical object. These events improve the interactivity of users with 

web maps.  

6.4 Implementation of our approach  

6.4.1 Spatial data preparation  
In our prototype, we used a data that represents a part of Quebec City at the scale 1:1000. 

This data was transformed into several GML files (roads, buildings, etc.) using the FME 

software (Murray et al. 2003). Then, we transformed the structure of these files to make 

them compatible with the SIGERT’s data structure which accommodates multiple 

representations (Figure 6.5) (Cosma 2004). It should be noted that our GML files are stored 

using the database management system eXist (Meier 2002) which is an open-source system 

completely developed using Java. Among the advantages of eXist, we can mention its full-

text index which enables us to easily carry out semantic queries.  

                                                 
50 XSL : eXtensible Stylesheet Language 
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Since the initial data does not provide sufficiently rich semantics, we enriched the resulting 

structure with available semantic and graphic representations of each spatial object. We 

also enriched the resulting structure with neighbourhood relationships. In order to 

determine the neighbors of a given object, we implemented a function that moves all the 

edges the object’s geometry outside this geometry. Here, the value of the edges 

displacement corresponds to the width of the object’s proximity area (c.f. Chapter 4). The 

displacement of edges may result in a geometry that does not entirely contain the object. In 

this case, our function carries out some corrections in order to create a hull that completely 

contains the initial object’s geometry (Figure 6.4). Then, for each object of the dataset, our 

function determines whether its geometry intersects the proximity area of the considered 

object. Since the identification of neighbourhood relationships is done off-line, we do not 

care about processing time. We also enriched our GML files by storing information 

concerning aggregations that will be assigned to Container agents. Currently, the 

aggregations used in our prototype are not necessarily those that might be chosen by 

cartographers.  

 

 

 

 

 

 

 

 

 

Figure 6.4 (left) A proximity area which does not need corrections, (right) Correction of a given 
proximity area 

 

 

 

 

 

Proximity area width Proximity area  Correction needed 
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Figure 6.5 An example of a GML file where data is stored 

 

The different symbols of a given object are stored in SVG files (Figure 6.6). During 

processing, instance agents handle rectangular hulls instead of handling symbols. These 

hulls have prefixed sizes which are identified in accordance to the display scale. At the end 

of processing, the symbols which will be used in the final map are referenced in the final 

SVG file (e.g. xlink:href=”Restaurant.svg”) and are fitted in the positions of their relative 

hulls then displayed.  

 

 

 

 

 

 

 

 <GeoObject> 
  <NearbyObjects>93 96 107 110 121 281</NearbyObjects> 
  <SameContainer>96 107 110 281 301 302</ SameContainer> 
  <tile>APAL</tile> <AREA>235.123</AREA> <PERIMETER>71.323</PERIMETER>  
  <ID_GEMURE>102</ID_GEMURE>  
   <address>1133, rue Saint-Jean</address>  
   <geoObjectMember> 
    <Semantics> 

  <category level="1">Batiment</category>  
  <category level="2">Restaurant</category>  
  <category level="3" name="Restaurant 'Le Retro'">RestoInternational</category>  

  </Semantics> </geoObjectMember> <geoObjectMember> 
<Graphics> 
  <symbol sem="RestoInternational" xlink:href="RestoInternational.svg" />  
  <symbol sem="Restaurant" xlink:href="Restaurant.svg" />  
  <symbol sem="Batiment" xlink:href="Batiment.svg" />  

  </Graphics> </geoObjectMember> <geoObjectMember> 
<Geometry>  
<polyGeometry optScale="1000"> <gml:polygonProperty> <gml:Polygon srsName=""> 
<gml:outerBoundaryIs> <gml:LinearRing> <gml:coordinates>331385.5625,5186872.875 
331393.96875,5186859.375 331396.03125,5186856.625 331393.625,5186855 
331390.375,5186860.125 331382.9375,5186854.625 331380.5625,5186853.25 
331372.6875,5186864.625 331372.3125,5186865.25 331384.875,5186873.875 
331385.5625,5186872.875</gml:coordinates>  
</gml:LinearRing> </gml:outerBoundaryIs> </gml:Polygon> </gml:polygonProperty> 

  </polyGeometry> </Geometry>  
</geoObjectMember>  

</GeoObject> 

Identities of neighbor agents 

Identities of agents belonging to 
the same Container agent 

Multiple representations  
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Figure 6.6 Examples of symbols stored as SVG files 

 

When it comes to spatial data, we must be able to carry out spatial queries in order to 

retrieve the relevant data according to users queries (Figure 6.7, right). Querying GML data 

can be made possible by the use of languages such as Gquery (Colonna, 2002) and GML-

QL (Vatsavai, 2003). However, to our knowledge, no existing database management 

system currently implements such languages. In order to carry out spatial queries, we 

implemented, in the SIGERT system, an approach that consists in superimposing a grid on 

the orientation map (provided in the user interface) whose tiles are used to spatially index 

the objects (Figure 6.7.left) (Gbei et al. 2003). Then, for each spatial object, we stored in 

the GML spatial database the tiles wherein this object is located (Figure 6.5). This approach 

enables us to retrieve data by identifying the tiles associated with the area selected by the 

user instead of performing spatial queries.  
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Figure 6.7 (left) Spatial object indexation using a grid, (right) Data extraction using spatial query   

 

Once data is retrieved from the eXist database according to the user’s query, it is 

categorized into layers of interest, as discussed in Chapter 4. This categorization enables us 

to generate the final maps in accordance to our progressive map generation by layers of 

interest approach. In order to provide personalized tourist maps, we categorized our data 

into explicitly required objects (ERO), landmark objects51 (LMO), road network (RN) and 

ordinary objects (OO) which do not have any specific importance for the user (c.f. Chapter 

4, Section 4.5.1). The content of each layer of interest, which depends on the user’s query, 

is determined on-the-fly by the Coordinator agent (Figure 6.8).  

Furthermore, given the characteristics of the data set that we used, the road network is 

handled as a single object. Therefore, our prototype does not exaggerate, displace, nor 

eliminate roads. This drawback generates an additional processing time for the handling of 

the road network. In addition, if an instance agent overlaps a given road, it must apply the 

necessary transformations to its object in order to solve the conflict.  

 

 

                                                 
51 For our tests, we used some tourist maps of the Quebec City in order to identify landmarks. In addition, we 
identified other objects that we thought to be interesting for tourists.  
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Figure 6.8 Spatial data categorization by the Coordinator agent 

6.4.2 Implementation of our multiagent system    
Our agents were implemented in accordance to the UML diagrams presented in Chapter 5 

(Figures 5.12, 5.13, 5.14, 5.15, 5.18, and 5.20), using the predefined agent’s behavior Final 

State Machine (FSMBehaviour) provided by the Jade platform. We provide here an 

overview of the implementation of the main agents of our system.  

Overview of the implementation of the Coordinator agent  

When the Coordinator agent receives a new query from a user, it determines what interests 

him (List of required objects: ListSem) then submits a spatial query to the eXist database 

management system. Once the relevant data is retrieved (InitialGMLfile), the Coordinator 

agent parses the initial data while including each object (GeoObject) into the corresponding 

layer of interest according to its semantic (Figure 6.9). During the parsing process, the 

 

Object 1 
     Semantic 
 Meseum 
 Attraction 
 Building  

Object 2 
     Semantic 
 Hotel 
 Café  
 Building  

Object n 
     Semantic 
 Place  
 Attraction 
 Leisure  

Object k 
     Semantic 
 Bank  

Building 

… 

… 

Explcitly 
Required layer of 

interest 

Road Network 
layer of interest 

Landmark layer 
of interest 

Ordinary layer of 
interest 

GML file  

Qurey 1 (cinemas, 

theatre, café: Le 

Jasmin ) 

Qurey 2 (meseum, 

places) 

User 1 Coordinator agent User 2 



 185
 

Coordinator agent stores the data of each layer of interest using a DOM52 structure. At the 

end of this process, it transforms the DOM structures into GML files that contain the initial 

data of the different layers of interest. The current implementation of our parsing function 

(Figure 6.9) can easily be extended so that more layers of interest can be generated if the 

data categorization changes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.9 An excerpt of the parsing function of the initial GML file 

 

                                                 
52 DOM (Data Model Object) is an API (Application Programming Interface) which is independent from any 
language. It is a W3C specification. It defines the structure of a document as a hierarchy of objects in order to 
simplify the access to the elements that constitute the document.  

ExtractAgentTypeData(String ListeSem, InitialGMLfile) { 
   // parsing the GML file for the source 
   DocumentBuilderFactory factory1 = DocumentBuilderFactory.newInstance(); 
   Try { 
     DocumentBuilder builder1 = factory1.newDocumentBuilder(); 
     document = builder1.parse(new File(path+ InitialGMLfile +".gml")); 
   } catch (SAXParseException spe)  { … } 
   // Creation of a DOM for every Type agent  
   docERO = ConstruireNouveauDOMAg();   docLMN = ConstruireNouveauDOMAg(); 
   ……… 
   NodeList listGO = document.getElementsByTagName("GeoObject"); 
   for (int i=0; i <listGO.getLength(); i++) { 
     Node thisGeoObjectNode = listGO.item(i); 
     Extract the node "Semantics" from the current node GeoObject 
     ……… 
     if (listSem.item(j).getFirstChild().getNodeValue(). 
          equalsIgnoreCase("Route")) { 
         Node copieNode = docRN.importNode(thisGeoObjectNode.getParentNode(), true); 
         docRN.getDocumentElement().appendChild(copieNode); // the object is a road 
         break;     } 
       else if (one of the semantics of the current object belongs to ListeSem) 
 the object is explicitly required 
         break;  } 
       else if (one of the semantics of the current object is an attraction) 
              the object is a Landmark 
         break;   } 
       else  
             the object is an ordinary object  
         break; 
       }  }  } 
   // Creation of GML files for the different Type agents 
   TransformerDOMenFichierGML("AgentERO",docERO); 
   TransformerDOMenFichierGML("AgentOO",docOO); 
   TransformerDOMenFichierGML("AgentLMN",docLMN); 
   TransformerDOMenFichierGML("AgentRN",docRN); } 
 

Transformation of 
DOM structures into 
GML files 

Categorization of data 
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Once the data categorization is done, the Coordinator agent sends an ACL message to each 

Type agent containing the initial data of its layer of interest (Figure 6.10). Next, it waits 

until it receives the final map, layer by layer.  

    

 

 

 

 

 

 

 

 

 

 

 

Figure 6.10 ACL messages sent by the Coordinator agent to the different Type agents 

 

As soon as the Coordinator agent receives a given layer of interest from a Type agent, it 

transforms this layer into a SVG file using an XSL transformation (Figure 6.11).  

 

 

 

 

 

 

 

 

 

 

 

 

// ERO: Explicitly Required Object, RN: Road Network, LMN: Landmark and OO: Ordinary Object 
ACLMessage msgaERO=new ACLMessage(ACLMessage.INFORM); 
msgaERO.addReceiver(new AID("AgentERO",false)); // message to be sent to the ERO Type agent 
msgaERO.setContent("dataAgentERO"); // the content of the message is the name of the GML file that 
// contains the initial data of the ERO layer of interest 
 
ACLMessage msgaRN=new ACLMessage(ACLMessage.INFORM); 
msgaRN.addReceiver(new AID("AgentRN",false)); // message to be sent to the RN Type agent 
msgaRN.setContent("dataAgentRN");  
 
ACLMessage msgaLMN=new ACLMessage(ACLMessage.INFORM); 
msgaLMN.addReceiver(new AID("AgentLMN",false)); // message to be sent to the LMN Type agent 
msgaLMN.setContent("dataAgentLMN");  
 
ACLMessage msgaOO=new ACLMessage(ACLMessage.INFORM); 
msgaOO.addReceiver(new AID("AgentOO",false)); // message to be sent to the OO Type agent 
msgaOO.setContent("dataAgOO");  
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Figure 6.11 An excerpt of our XSL transformation 

 

Overview of the implementation of Type agents 

A Type agent uses a parsing function that enables it to retrieve the data of the objects 

belonging to its layer of interest. During the parsing process, it creates and assigns an 

instance agent to each object (Figure 6.12). Then, it waits until it receives the final data of 

all its instance agents. Every time the Type agent receives the final data of a given spatial 

object, it adds it to the DOM structure of the final layer of interest. When the entire data is 

received, it generates its final layer of interest and sends it to the Coordinator agent (Figure 

6.13). 

  ... 
  <xsl:template match="/"> 
    <xsl:proc-inst name="xml-stylesheet">href="style1.css" type="text/css"</xsl:proc- inst> 
    <xsl:element name="svg"> 
      ... … 
      <xsl:element name="script"> 
        <xsl:attribute name="xlink:href">Titre.js</xsl:attribute> 
      </xsl:element> 
      <xsl:element name="g"> 
        <xsl:attribute name="onmouseover">afficherTitre(...)</xsl:attribute> 
        <xsl:attribute name="onclick">afficherDescription(...)</xsl:attribute> 
         ……         
          <xsl:element name="g"> 
            <xsl:attribute name="id">Batiment</xsl:attribute> 
                ………. 
              <xsl:element name="g"> 
                <xsl:attribute name="id">Hotel</xsl:attribute> 
                <xsl:for-each select="//GeoObjectRepr"> 
                  <xsl:if test=".//semCategory='Hotel'"> 
                    <xsl:call-template name="coord"> 
                      <xsl:with-param name="sem">Hotel</xsl:with-param> 
                      <xsl:with-param name="color">blue</xsl:with-param> 
                      <xsl:with-param name="title"> 
                        <xsl:value-of select=".//semCategory[.='Hotel']/@name"/> 
                      </xsl:with-param> 
                      <xsl:with-param name="desc"> 
                        <xsl:value-of select="./address"/> 
                      </xsl:with-param> </xsl:call-template> </xsl:if> </xsl:for-each> 
              </xsl:element> 
 
                <xsl:attribute name="id">Cinema</xsl:attribute> 

……… 
                <xsl:attribute name="id">CentreRecreatif</xsl:attribute> 
  ……… 
                <xsl:attribute name="id">Multiple</xsl:attribute> 

Style file  

Label display 

Mouse events 

Semantic groups 

Extraction of 
data of an object 
of type hotel 
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Figure 6.12 An excerpt of the creation and assignment of ERO instance agents to spatial data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.13 Generation of the final Layer of interest 

 

LayerGeneration extends OneShotBehaviour { 
  
    ………. 
     docAg = ConstruireNouveauDOMAg (); //Create a DOM for the final GML file 
     //Create the head of the final GML file 
     Element nullEl = docAg.createElement("gml:null"); 
     nullEl.appendChild(docAg.createTextNode("unknown")); 
     ........... 
     while still data missing {   
        ACLMessage msg = myAgent.blockingReceive(); // waiting for messages 
        if new final data {      
        // Add the final data of the instance object to the DOM 
        AddNodeDOM(docAg, "NewERO" + idInstanceAgent); } 
        } 
     // Create the final GML file: NewERO.gml 
     TransformerDOMenFichierGML("NewERO", docAg); 
     // Send data to the Coordinator agent  
     ACLMessage eode2=new ACLMessage(ACLMessage.INFORM); 
     eode2.addReceiver(new AID("CoordinatorAgent",false)); 
     eode2.setContent("NewERO"); // the content of the message is the name of the final GML file 
    send(eode2); } 

Predefined behavior 

ExtractInstanceAgentData (String nomFichier) { 
   …… 
  for each instance object { 
     newDOM = ConstruireNouveauDOMAg();   // Create a new DOM for the instance agent 
     listInstances = listInstances + objIdentity; //Store the identity of the instance agent 
     // Create the GML file of the instance agent from its DOM    
     TransformerDOMenFichierGML("ERO"+ objIdentity, newDOM); 
} 
     Publish the list of instance agents (ERO txt file) 
 } 
 
InstanceAgentsCreation extends OneShotBehaviour { 
      public CreationInstanceAgents(Agent a) { super(a); } 
      public void action() { 
        ACLMessage msgData=new ACLMessage(ACLMessage.INFORM );  
        PlatformController container = getContainerController();  
        for each instance object { 
           try { 
               container.createNewAgent(instanceName, "sigert.EROInstance", null). 
               msgData.addReceiver(new AID(instanceName, false)); 
               msgData.setContent(gmlFile); 
               send(msgData); 
             }… 

Pattern according to 
which ERO instance 
agents behave 

Creation of instance agents 

Create a GML file of 
an agent of type ERO 
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Overview of the implementation of instance agents 

In order to illustrate the behavior of our instance agents, let us run our prototype using the 

initial space configuration of Figure 6.14 (left). In this sample of map53, we deliberately 

exaggerated the object ERO to improve its legibility. This exaggeration generates conflicts 

between the object ERO and its neighbor OO1, OO2, OO3, and OO4 as well as with the 

road object (Figure 14, right). The resolution of these conflicts may be done during several 

cycles. At each resolution cycle, some agents must apply spatial transformations to their 

objects, evaluate the results of their actions, send these results to their neighbor agents 

concerned by the existing conflicts, and then check the messages they may receive from 

their neighbors in order to assess the changes in their immediate environments. As it was 

mentioned in Chapter 5, the agents assigned to the objects OO1, OO2, OO3 and OO4 must 

do the first attempt to solve their conflicts with the agent assigned to the object ERO. The 

agent OO1 cannot do a displacement since there is no available space. Instead, it chooses to 

reduce the size of its object (Figure 6.15). The agent OO2 has the opportunity to move its 

object with the condition that its spatial relationships with its neighbor objects are 

preserved and new conflicts are generated. The agents OO3 and OO4 scaled-down their 

objects (Figure 6.15). However, their conflicts remain unsolved. In this case, they ask the 

agent ERO to make an attempt to solve these conflicts. At the first step of spatial conflict 

resolution, the agent ERO did a displacement and solved its conflict with the road (Figure 

6.15). At the second step, it must act in order to solve its conflicts with the agents OO3 and 

OO4.  

 

 

 

 

 

 

 

 

 

                                                 
53 OO: Ordinary Object, ERO: Explicitly Required Object, and LMN: Landmark.  
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Figure 6.14 (left) Initial sample of map, (right) generation of new conflicts 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.15 First step of spatial conflict resolution 

 

During the second step of spatial conflict resolution, the agent ERO was unable to solve its 

conflicts with the agents OO3 and OO4, especially because a size reduction transformation 

may damage its legibility and a displacement does not solve any conflict without creating 

new one. In this case, the agents OO3 and OO4 have to carry out the necessary 

transformations until their conflicts with the agent ERO will be solved. During the third 
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step of conflict resolution, the agent OO3 disappeared and the agent OO4 reduced its size 

(Figure 6.16).   

 

 

 

 

 

 

 

 

 

 

 

Figure 6.16 Final configuration of the map 

In order to choose the best action to carry out at a given spatial conflict resolution cycle, an 

instance agent determines the results it may obtain from the application of the different 

spatial operations. In our prototype implementation, we store each result in a table of 

dimension 3 containing: the number of conflicts solved with agents having higher priority, 

the number of conflicts solved with agents having lower priorities, and the number of new 

conflicts generated. The best operation is the one that solves the highest number of conflicts 

with agents having higher priorities. If two or more operations solve the same number of 

conflicts with agents having higher priorities, then the best operation is the one that solves 

the highest number of conflicts with agents having lower priorities. If two or more 

operations solve the same number of conflicts, then we choose the one that generates the 

least number of conflicts. If all the operations generate the same number of conflicts we 

choose randomly one of them. Furthermore, if no conflict can be solved by any operation, 

the instance agent asks for an aggregation, if it is a landmark or explicitly required by the 

user54. Otherwise, it is eliminated if it is an ordinary object (Figure 6.17).  

                                                 
54 We mentioned in Chapter 5 that we do not aggregate objects having lower priorities. Instead, we prefer to 
eliminate them if no solution is possible. This heuristic enables us to reduce processing time. 
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In order to carry out an aggregation, an instance agent (an ERO or a LMN agent) identifies 

the instance agents that belong to its Container agent and determines whether they still 

exist. If these agents have the same priority or have higher priorities, then it sends them a 

request for an aggregation. When it receives their responses, it determines whether an 

aggregation is possible (c.f. Figure 5.24). If an aggregation is possible, it becomes 

responsible for this aggregation, while the other agents disappear. In this case, it determines 

its new data (new geometry, new list of neighbor agents, list of symbols, etc.). If an 

aggregation is impossible, it sends a message to its Container agent, asking for help.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.17 An excerpt of the pattern used by instance agents to choose the best actions 

 

BestActionPattern extends OneShotBehaviour { 
  
    ………. 
    // oldMove, oldSizeReduction, oldRepChange and oldAction are global parameters 
    // resultMv, resultSR, resultRC 
    // boolMv, boolSR and boolRC  
     
 
 
       // Check if one of the transformations was not tested yet 
        if  (boolMv==false) { oldMove  = Move(); boolMv=true;} 
        if  (boolSR==false) { oldSizeReduction = SizeReduction(); boolSR=true;} 
        if  (boolRC==false) { oldRepChange = RepChange(); boolRC=true;} 
        // Check the previous operation carried out and updates old results 
        if  (oldAction== "move" ) { 
      UpdateSR = Displacement(oldSizeReduction, moveValue); 
       UpdateRC = Displacement(oldRepChange, moveValue); } 
        else if  (oldAction== "sizeReduction" ) { 
      UpdateMove = SizeReduction(oldMove, reductionValue); 
       UpdateRC = SizeReduction (oldRepChange, reductionValue);} 
        ……… 
        // Choose best action: resultMv, resultSR, are resultRC tables. Each table contains the 
        // number of conflicts solved with agents having higher priority, the number of conflicts  
        // solved with agents having lower priorities and the number of conflicts generated  
        if (resultMv[0]== 0 & resultSR[0]== 0 & resultRC[0]==0 &  
             resultMv[1]== 0 & resultSR[1]== 0 & resultRC[1]==0) 
     
 
        {if (agent is ERO or LMN) bestAction = "aggregation" else bestAction = "elimination"} 
        if (resultMv[0]>resultSR[0] & resultMv[0]>resultRC) {bestAction = "move"} 
        else   
  if ……… 
} 
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During the resolution of spatial conflicts at a given processing cycle, a given instance agent 

may receive several messages from its neighbors. These messages should be stored until 

the instance agent finishes its current processing. However, using Jade, certain messages 

may be lost. In fact, Jade does not enable us to easily synchronize message exchanges. In 

order to avoid losing messages, we assigned a mailing-box agent to every instance agent. A 

mailing-box agent receives all the messages sent to its instance agent by its neighbors and 

stores them. When the instance agent finishes its current processing, it asks its mailing-box 

agent to send it its new messages (Figure 6.18).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.18 Agents’ communication 

 

Overview of the implementation of Container agents  

In the current version of our prototype, we implemented basic functions of Container 

agents. These functions concern the identification of possible aggregations between 

component agents and the identification of the best operations to carry out when 

aggregations are not possible.  

When a Container agent receives a help request from one of its components, it determines 

whether an aggregation is possible (c.f. Figure 5.24). Of course, the instance agent that sent 

the help request already carried out the same task during the previous processing cycle. 

Nevertheless, our reason to perform the same task twice is that the environment may 
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change (objects may be displaced, scaled-down, eliminated, etc.). In addition, when an 

instance agent receives an aggregation request, it answers in accordance with its current 

situation. Its answer meets its own goals, but does not necessarily meet the goal of the 

entire map generation process. Therefore, the Container agent may impose to some of its 

components an aggregation even if this action goes against their goals. However, if an 

aggregation is impossible, the Container agent determines if some of its OO and LMN 

component agents can be eliminated in order to make free space for more important agents. 

When the Container agent determines the best actions to carry out, it sends messages to its 

components in order to apply these actions (Figure 6.19).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.19 An excerpt of the bottleneck resolution method of a Container agent 

 

6.4.3 Our results  
In order to test the performance of our prototype, let us consider two samples of maps 

(Figure 6.20 and Figure 6.21) in which we deliberately create some conflicts by 

exaggerating some important objects with respect to the user’s needs.  

BottleneckResolution  () { 
     ………. 
    ACLMessage msg = myAgent.blockingReceive(); // waiting for messages 
    if new message {      
        Determine the components priorities and their current positions 
        boolean aggregation =  CheckAggregation();  
        if (!=aggregation) { 
 DetermineElimination(); 

DetermineDisplacement(); 
DetermineSizeReduction(); 
DetermineBestActions(); 

 
        } 
    } 
    ACLMessage aggreMsg = new ACLMessage(ACLMessage.INFORM);         
    for (each component affected by decisions ) { 
        aggreMsg.addReceiver(new AID(component identity,false)); 
        aggreMsg.setContent(order);  
        send(eode2);                
     } 
 } 
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Figure 6.20 The first sample of map containing spatial conflicts 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.21 The second sample of map containing spatial conflicts 

 

The application of our prototype to the initial samples of maps resulted in the resolution of 

all spatial conflicts. In addition, the use of symbols with explicitly required and landmark 

objects enabled us to enrich the semantic contents of the final maps. Indeed, in contrast 

with tourist maps presented in Figure 6.1, our maps emphasize the important objects by 

using symbols that helps users understand the geographic space. The use of these symbols 

created some overlaps with neighbor objects. We do not solve these overlaps when they are 
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generated between a symbol and an ordinary object (since it has no particular importance to 

the user) or when they are generated between a symbol and a road (since generally the 

symbol does not hide the road). However, when an overlap is created between a symbol 

and an explicitly required object or a landmark object, the agent to whom the symbol 

belongs changes its geometric representation in order to make free space wherein to place 

its symbol (Figure 6.22 and Figure 6.23). 

 

 

 

 

 

 

 

 

 

Figure 6.22 Conflict resolution by our approach (sample 1) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.23 Conflict resolution by our approach (sample 2) 

 

Overlap allowed 
between a symbol 
and an ordinary 
object 

Overlap allowed 
between a symbol 
and a road 

Overlap allowed 
between a symbol 
and a road 

Overlap allowed 
between a symbol 
and an ordinary 
object 

Use of multiple 
representation to 
make free space 



 197
 

6.4.4 Conclusion  
The current version of our prototype enables us to generate the expected personalized maps 

on-the-fly. The contents of these maps are more appropriate than those of the tourist maps 

currently provided on the web. Nevertheless, our prototype still needs some improvements 

in order to increase its performances. On the one hand, the implementation our multiagent 

system needs refinements to optimize processing and reduce messages exchanges which 

slow down the system. In addition, the current implementation of our Container agents 

may be improved in order to better solve bottlenecks. On the other hand, the 

implementations of the cartographic generalization operators can be optimized. However, 

despite these possible improvements, we think that our prototype enables us to generate, 

on-the-fly, personalized maps with good quality.  

In order to assess the quality of our maps, we present in the next section the state of the art 

of existing evaluation approaches of maps quality. Then, we apply the most important 

criteria to the maps generated by our prototype in order to assess their quality.    

6.5 State of the art of existing approaches for maps’ 
quality evaluation  
Several research works have addressed the evaluation of maps’ quality. These works can be 

divided into four main types (Bard 2004):  

- Visual evaluation   

- Evaluation which focuses on one type of geometrical primitives 

- Evaluation by validation of the generalization’s steps   

- Final evaluation tentative  

6.5.1 Visual evaluation  
This type of evaluation is widely used to assess the quality of maps. Maps are assessed 

visually by cartographers according to their own cartographic knowledge and experiences. 

They check different components of the map such as toponyms (positioning, spelling, etc.), 

punctual signs (positioning, shapes, sizes) and zones (limits, spread-out, color) (Bard 

2004). This kind of evaluation is subjective and tied to the appreciation of cartographers. 
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6.5.2 Evaluation which focuses on one type of geometrical 
primitives   
Several research works focused on the evaluation of generalized lines (McMaster 1987, 

Buttenfield 1991, Plazanet 1996, João 1998, Skopeliti and Tsoulos 2001, etc.) and surfaces 

(Regnauld 1998, Peter 2001, Dettori and Puppo 1996) in order to assess the quality of a 

given map. In this context, McMaster (1987) was interested by the assessment of changes 

undergone by lines further to the simplification of their shapes. He proposed certain 

measures to evaluate the differences between initial and generalized shapes of lines. 

Buttenfield (1991) proposed to describe every line with a signature which is computed 

according to five measures: length, bandwidth, segmentation, error variance and 

concurrence. She proposed an approach in order to evaluate the variation of this signature 

during the generalization process. Her work was the basis of the approach proposed by 

Plazanet (1996) who synthesized the five measures and proposed a line generalization 

quality assessment measure. This measure deals with spatial constraints (symbolisation of 

objects, spatial conflicts, topology, etc.), information quantity (data compression), 

geometric accuracy, preservation of geometrical properties, etc. Skopeliti and Tsoulos 

(2000, 2001) proposed a method to evaluate the quality of lines based on the description of 

their structures and shapes. Other works (João 1998) focussed on the quantification of 

generalization effects on linear objects. This quantification describes objects by measuring 

changes of their lengths and sinuosity and by quantifying those of them which were 

displaced and eliminated.     

Otherwise, every research that addressed the evaluation of surfaces has concentrated on 

buildings and ground occupation. In this context, Regnauld (1998) focused on the 

generalization of buildings and emphasized the need to qualify the generalization result. 

This qualification is used to verify whether the result obtained satisfies the initial 

generalization specifications. It is also used to improve the generalization operations that 

will be performed in the future. He proposed to assess the characteristics of buildings, their 

repartition and their density. Dettori and Puppo (1996) proposed to extend the evaluation of 

the generalization quality to the evaluation of topological relations between objects which 

may change further to operations like exaggeration, aggregation and elimination. Peter 

(2001) proposed measures to evaluate generalized buildings with respect to objects 
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proximity, sizes, and shapes as well as to topological constraints, density and distribution of 

surfaces, detection of structures (e.g. alignment of lakes), and the semantic importance of 

the objects to be evaluated.   

The different research works that focussed on the evaluation of the quality of one type of 

geometrical primitives (linear and surface objects) emphasized the need to compare the 

initial and the generalized state of objects. It also emphasized the need to quantify and to 

qualify the generalization effects according to geometrical, topological and semantic 

criteria (Bard 2004).   

6.5.3 Evaluation by validation of generalization’s steps   
A generalization process can be assessed according to different criterions. According to 

Bard (2004), a good generalization must respect and control the following constraints: 

- Constraints of legibility which depend on a perception threshold (minimal size and 

granularity) and a separation threshold (minimal distance between objects) (Figure 

6.24). 

 

 

 

 

 

 

 

 

Figure 6.24 Perception and separation thresholds (Bard 2004) 

  

- Constraints of preservation and change of the initial information (conservation of 

the type of objects, density, proximity, spatial organization, shapes, sizes, 

semantics, etc.). These constraints are used to evaluate the damage of the initial 

information.  

Several approaches have been proposed in order to validate the quality of results obtained 

at each step of a generalization process. In this context, Weibel and Dutton (1999) proposed 
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an approach that can be used to detect conflicts during a generalization process. This 

approach can also be used to verify whether the different constraints of generalization have 

been satisfied in order to guide the generalization process and, hence, to improve its result. 

However, this approach does not consider the final result of the whole generalization 

process (Bard 2004). Brazile (2000) described a theoretical evaluation process which can 

be integrated to an automatic generalization constraints-based system. This process is 

composed of three steps: initialization (based on generalization specifications defined by 

the user), optimization (during which the system tries to reach a global state wherein 

constraints are satisfied) and quality report (that indicates the generalization effects when 

the process succeeds, otherwise it describes the causes of failure and proposes some 

modification of generalization parameters).  

An evaluation approach that consists in the validation of generalization’s steps has also 

been used in the AGENT project where software agents evaluate their states after every 

generalization operation according to five criteria (size, shape, position, orientation, 

granularity and semantic). If the new state of a given agent is not good enough, the agent 

tries new generalization solutions and then re-evaluates, each time, its new states until it 

finds a satisfactory state. If no satisfactory state can be found, the agent remains in its initial 

state. Another multiagent-based approach has been proposed by Weibel and Galanda 

(2002) in order to carry out a qualitative and a quantitative evaluation of the generalization 

result. In their approach, the qualitative evaluation is done visually. It concerns the 

legibility of generalized data and the maintenance of the geographic space properties. Their 

quantitative evaluation concerns the comparison of the number of objects which were 

perfectly, goodly, moderately, not goodly or badly generalized with respect to every 

generalization constraint.  

6.5.4 Final evaluation tentative  
A lot of research has been carried out in order to evaluate the quality of the final result of a 

given generalization process. In this context, Ehrliholzer (1995) proposed to assess the 

result of a given generalization according to different levels of data (the map, the object, 

etc.) by combining qualitative criteria (obtained from cartographers) and quantitative 

criteria. He emphasized the need to normalize the different criteria (each criterion has its 
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own scale) to compare them according to a common scale of evaluation. He also 

emphasized the need to combine criteria in order to provide a synthetic result of evaluation. 

Harrie (2001) proposed to quantify the quality of a given generalization according to the 

violation degree of the generalization constraints. This evaluation is completed by a visual 

evaluation in order to determine which corrections need to be carried out on the final result. 

The proposed approach is used to quantify the quality of generalization for every spatial 

object. Nevertheless, it does not provide any possibility of obtaining synthetic information 

about the quality of the map (Bard 2004).         

Furthermore, Bard (2004) emphasized the need for different measures that assess 

geometrical, semantic and topological properties of spatial objects. The results obtained 

from these measures are then combined in order to get an overview of the quantitative 

and/or the qualitative quality of the result of a given generalization. Bard (2004) proposed 

an approach composed of three steps: characterization, evaluation and aggregation. The 

characterization step describes the geographical space at the initial state and at the final 

state according to a micro level (in order to describe the geographical information of an 

object such as its size, shape, position, orientation, granularity and semantics), a meso level 

(which concerns the analysis of buildings density and distribution, the semantic repartition 

of objects, proximities and road analysis, etc.) and a macro level (which concerns the 

quantity of objects and their semantic repartition). The evaluation step aims to check 

whether a given characteristic has changed as expected during the generalization. This goal 

is reached by comparing the final value of this characteristic with its theoretical value 

which represents its ideal value. The aggregation step consists in synthesizing all the 

information of quality obtained in order to get a global evaluation of the generalization 

result.      

In the context of the GEMURE project, Frank and Ester (2005) proposed a framework to 

compare an initial map and a generalized map representing the same area with respect to 

the user’s preferences and to an optimal map (highest resolution). This framework is 

composed of four measures. The first one is a shape similarity measure. It measures change 

or enlargement of objects shapes. It uses a function that describes objects’ shapes by their 

perimeters and their slopes. The second is a location similarity measure. It is a local 

neighborhood measure that determines the displacement of every object. It combines the 
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results obtained into a single global measure that describes the location similarity for the 

map. The third is an information content similarity measure. It determines the change of 

information content between the two compared maps. Finally, the fourth is a combination 

of the three previous measures. It computes their average which can serve as a meaningful 

indicator on the quality of a given map. However, since different aspects of quality depend 

on users’ needs, different weights can be assigned to the three measures. 

6.6 Conclusion concerning evaluation approaches  
As mentioned in Section 6.5, the evaluation of maps quality can be made according to four 

approaches: visually, by focusing on one type of geometrical primitive, by validating each 

generalization step, or by evaluating the final map by combining several quality measures. 

During the four types of evaluation, several criteria are assessed, for example by measuring 

changes of objects’ shapes, positions, legibility, orientation, granularity, etc. According to 

Bard (2004), the results obtained from these measures can be combined in order to get an 

overview of the qualitative and the quantitative quality of the map. Here, the qualitative 

evaluation is concerned with data legibility (perception and separation thresholds) and 

preservation of the initial information. However, the quantitative evaluation is concerned 

with the number of conflicts solved, the number of objects transformed, the loss of 

information, etc.  

In this dissertation, we chose to follow Bard’s opinion and carry out qualitative and 

quantitative evaluations of our maps. In order to reach our goal, we need to choose a 

reference data with which our results can be compared. This reference data may be (Ruas 

2001): (i) the generalized data, (ii) another generalized data in paper format or in numeric 

format, or (iii) the initial data. João (1998) and Bard (2004) used initial data as reference. In 

the next section, we use the initial data as reference in order to evaluate the quality of our 

generated maps. 

6.7 Evaluation of our approach  
In this section, we carry out qualitative and quantitative evaluations of our maps. The 

qualitative evaluation concerns data legibility, preservation of the initial information, 

change of the initial information, and the support of users’ needs, preferences and contexts. 

However, the quantitative evaluation concerns the number of initial conflicts, conflicts 
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solved, final conflicts, objects modified and the use of symbols in order to emphasize the 

semantics of important objects. 

6.7.1 Qualitative evaluation  

6.7.1.1 Data legibility  
- Perception threshold  

As mentioned by Bard (2004), two main constraints have to be considered in order to keep 

objects over a perception threshold. The first constraint lies on the minimal size under 

which objects are not perceptible. In our approach, objects which are initially not legible at 

the scale required by the user are eliminated if they have no particular importance to the 

user. Otherwise, they are exaggerated over a given perception threshold. Furthermore, 

during processing, objects which fall under the perception threshold when they are scaled-

down are eliminated if they have no particular importance to the user. Meanwhile, 

important objects are always kept over the perception threshold. Consequently, the objects 

that will be displayed on the final map are most certainly perceptible.  

The second constraint of legibility lies on granularity which can be defined as the linear 

size of the smallest edge of a given spatial object. Our prototype emphasizes important 

objects (explicitly required objects and landmark objects) by improving their legibility 

when this legibility is not satisfactory. These objects respect granularity constraints. On the 

other hand, our prototype does not care whether ordinary objects respect granularity 

constraints since they have no particular importance to the user.    

- Separation threshold 

In our prototype we do not enforce any separation threshold between spatial objects. 

Initially, many objects are adjacent. Consequently, no separation distance exists between 

them. However, during the resolution of conflicts, our agents ensure that no overlap 

between objects will exist at the end of processing. Furthermore, since all the objects in the 

final map are perceptible and their perimeters are drawn in bold, we can easily see the 

separation between them.   
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6.7.1.2 Preservation of the initial information  
The constraints of preservation of the initial information concern the types of objects and 

their proximity relationships, as well as the density and organization of the space (Bard 

2004). Our approach supports these constraints well. Indeed, the use of conflict areas 

restricts the displacement of objects and enables us to maintain their proximity and their 

spatial relations as much as possible. Furthermore, our approach may eliminate some 

objects which are not important to the user. This elimination is applied when these objects 

fall under the perception threshold or when no solution for a given spatial conflict can be 

found. Therefore, our approach preserves the different types of objects such as roads and 

buildings. Moreover, the elimination of irrelevant objects does not represent a loss of useful 

information for the user. Hence, the content similarity criteria defined by Frank and Ester 

(2005) is well respected by our approach, particularly with respect to semantic content.     

Furthermore, our approach preserves shape similarity and location similarity defined by 

Frank and Ester (2005). Indeed, in our approach, we do not change the representations of 

objects frequently since multiple representation has the same chance to be used as 

displacement, size reduction, amalgamation and elimination. Moreover, since the objects’ 

moves are restricted, location similarity between the initial map and the final map is well 

respected by our approach.     

6.7.1.3 Change of the initial information  
According de Bard (2004), the constraints of change of the initial information depend on 

the change of the objects’ shapes, sizes and semantics which are affected during spatial 

conflict resolution. In our approach, the shapes and the sizes of objects involved in spatial 

conflicts may be modified. However, these objects are kept legible in the final map. 

Furthermore, in our approach, main changes are undergone by ordinary objects which do 

not have any particular importance to the user. In addition, important objects complying 

with the user’s needs may be exaggerated and/or represented with symbols in order to 

improve their legibility and to emphasize their meaning. Consequently, our approach 

preserves the semantic content of the maps.     
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6.7.1.4 Support of users’ needs, preferences and contexts   
Our approach enables us to adapt the content of maps on-the-fly according to the users’ 

needs. It improves the usability of the map by emphasizing the semantics of the objects 

important to the users. The use of our approach of progressive map generation by layers of 

interest shortens data transfer time and reduces user waiting time. Indeed, the user can get 

the required spatial information from data already transferred to his terminal. In contrast to 

any other existing approach, he may understand the geographic space with no need to wait 

until the whole map is downloaded on his display terminal. The interpretation of this map is 

made easy since we use multiple representations of objects which are important to the user. 

Moreover, our approach takes into account the characteristics of users’ display terminals. 

Indeed, the control module of our multiagent system adapts the final map to the user’s 

terminal screen size. However, the current implementation of our prototype does not yet 

support screen resolutions.  

Furthermore, theoretically, our approach supports users’ preferences during spatial conflict 

resolution and on-the-fly map generation. Nevertheless, the current version of our prototype 

does not take these preferences into account. In order to gather information about the users, 

we need to prepare a questionnaire and carry out a survey about user preferences in the 

context of web mapping services. This questionnaire goes beyond the current research.  

6.7.2 Quantitative evaluation   
The quantitative evaluation we carried out is done according to the following criteria: initial 

conflicts, conflicts solved, final conflicts, objects modified and the use of symbols in order 

to emphasize the semantics of important objects. In this evaluation we do not count the 

number of conflicts created, and then solved during map generation. We consider an initial 

map (Figure 6.25, left) and we compare it to the resulting map (Figure 6.25, right) 

generated by our prototype (Table 6.1).  
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Criterion  Number Comments  

Initial conflicts  72  

Conflicts solved  72  

Final conflicts  24 These conflicts are overlaps between symbols and irrelevant 

objects or roads. These overlaps are allowed and therefore we do 

not solve them.  

Displacement Size reduction Elimination Change of 

representation 

Objects 

modified  

73 

25 31 15 2 

Use of symbols   22  

 

Table 6.1 Summary of spatial conflict resolution results obtained by our prototype when applied to 

the initial data of Figure 2.26- left 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.25 (left) Initial map, (right) Final map 
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We did several tests using different samples of maps containing a various number of 

objects. Our tests have been done on a machine using the Window XP OS, 512 Mo RAM 

and 1GHz of processor speed. We synthesized our results in two diagrams. The first 

diagram (Figure 6.26) gives the evolution of processing time according to the number of 

objects in the initial map. The second diagram (Figure 6.27) gives the evolution of 

processing time according to the size of the initial data set. We notice that the processing 

time grows considerably when the number of objects or the size of the initial data grows. 

This time may also grow according to the number of important objects in the sample of 

data used for the tests. This observation can be explained by the fact that when the number 

of important objects increases, the probability to have more spatial conflicts grows. In this 

case, in addition to the growth of the number of cartographic generalization operators and 

representations changes applied to spatial objects, more messages are exchanged between 

our software agents. Consequently, the server may be unable to carry out the required 

processing in a short time.  

  

 

 

 

 

 

 

 

 

 

Figure 6.26 Processing time in function of number of objects 
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Figure 6.27 Processing time according to data size 

 

The result we obtained and summarized in the two diagrams (Figure 6.26 and Figure 6.27) 

depends on the example of the map used for the tests. Indeed, if we test our prototype using 

another map which contains more objects whose size is greater than the one we used for the 

tests, processing may take less time. This can be explained by different reasons. Generally 

speaking, the performance of any spatial conflict resolution approach is influenced by the 

configuration of the initial map (the geometric complexity of spatial objects, the number 

and the complexity of conflicts, the density of objects, etc.). More specifically, the 

performance of our prototype is also influenced by the time necessary to parse and create 

GML files, the agents’ communication that increases when the number of conflicts grows 

or when conflicts are complex, the programming language and the Jade platform. Indeed, 

the use of the Java programming language enables us to use our system on different 

operating systems. However, its slowness affects the performance of our system. 

Furthermore, the use of Jade as a software tool to build multiagent systems lengthens the 

processing time. In addition, the use of mailing-box agents to synchronize message 

exchanges between agents, increases the number of messages exchanged and results in the 

slowing down of our prototype.  
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6.8 The use of our approach for mobile mapping services   
In the context of the SIGERT project, our progressive map generation by layer of interest 

has been tested in order to provide personalized maps for mobile users. Currently, tests 

have been done on a PDA HP iPAQ Pocket PC h5550, 128 Mo RAM, and 400 Mhz 

(Boulekrouche 2005). In order to let maps fit the characteristics of our mobile device, the 

adaptation module of our Container agent has been enriched. In fact, the Container agent 

transforms the final layers of interest in a Tiny SVG format while trying to reduce the 

volume of data reducing downloading time. The reduction of downloading time is done by 

bringing elements that have common attributes together (like colors, styles, etc.), avoiding 

the use of long texts (since SVG viewers consider characters as geometries that should be 

drawn), using fonts defined in the mobile SVG specifications, etc.  

An example of results given to mobile users by our progressive map generation by layers of 

interest approach is illustrated in Figure 6.28: In the beginning, the user selects the area that 

interests him (Figure 6.28a) then specifies the features he is looking for (Figure 6.28b). 

When the SIGERT’s server receives the user’s query, it generates and transfers the required 

map layer by layer. As soon as the user’s terminal receives a layer, it superposes it on the 

other layers already transferred and superposed. In our prototype, the user’s terminal 

receives the RN layer first (Figure 6.28c). Next, it receives and superposes the ERO layer 

(Figure 6.28d). Then, it receives and superposes the LMO layer (Figure 6.28e). Finally, it 

receives and superposes the OO layer (Figure 6.28f).   

The advantages of using our progressive map generation by layers of interest in a mobile 

context are numerous: 

- Reuse of data already transferred. 

- Cost reduction: Existing progressive map transmission approaches (c.f. Chapter 5) 

generally send the user the same data while increasing its level of detail. Since the 

mobile user pays the amount of data transferred to its device, these approaches are 

costly. Our approach does not transfer the same data to the user. Instead, it 

superimposes the layers of interest. 

- Generation and transfer of the required map at the same time, which reduced user’s 

waiting delays. 
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Figure 6.28 (a) Selection of the interest zone, (b) Selection of features to be displayed, (c) RN 
layer, (d) RN and ERO layers, (e) RN, ERO and LMO layers, (f) Map provided by the SIGERT 

prototype to the mobile user 

6.9 Discussion   
In this chapter, we presented the implementation of our approach which was applied in the 

context of web and mobile mapping applications, and more particularly in the context of 

the SIGERT system. During this implementation, we faced two serious problems; one 

related to data preparation and one to the exchange of messages between instance agents. 

Indeed, on the one hand, data was not available at several scales. In addition, we used a 

dataset in which the road network is digitized as a single object. On the other hand, the 

synchronization of message exchanges between agents was difficult using Jade. The use of 

mailing-box agents in order to not loose messages results in the increase of the number of 

  (a) (b) (c) 

(d) (e) (f) 
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agents in our prototype, as well as the increase of the number of messages exchanged 

between them. Furthermore, the implementation of our Container agents should be 

improved in order to better solve bottlenecks that may appear during the map generation 

process. This goal can be reached by identifying the real aggregations that may be chosen 

by cartographers during the generation of maps at different scales. It can also be reached by 

implementing the interactions between Container agents (cooperation, negotiation, etc.).  

Despite these problems, our prototype enabled us to improve the personalization of maps. 

Indeed, comparing our maps and those currently provided by tourist web mapping 

applications, it appears that our approach provides users with better personalized maps (see 

Figure 6.1 and Figure 6.26, right). In our maps, the semantics of important objects is 

emphasized by using symbols. In addition, the geometries of these objects are always 

legibly represented in the final map. Furthermore, in contrast to existing approaches that 

addressed the problem of spatial conflicts, our approach enabled us to solve all the conflicts 

that exist in a given map with more autonomy and flexibility by combining the use 

multiagent systems, cartographic generalization and multiple representation (see Figure 

6.23). In Annex B, we compare our approach to several other approaches that we 

implemented and tested in order to solve spatial conflicts.  

In this chapter, we also presented an evaluation of the quality of maps obtained by our 

prototype. Our evaluation is globally promising. Nevertheless, as discussed in this chapter, 

evaluating the performance of a given approach using several samples of maps may result 

in wrong conclusions. Indeed, the efficiency of an approach depends on the quality of data 

and the configuration of the geographic space. For example, the road network of a given 

city may be simpler than the one of another city (Figure 6.29). In addition, the complexity 

of buildings shapes may vary from one city to another according to their history and 

cultural considerations. When these shapes are complex, the processing load may increase 

and consequently the map generation time may become relatively high. 
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Figure 6.29 (left) Quebec and (b) Paris road networks (Google Earth application) 

 

The current version of our prototype is slow. This slowness can be explained by the fact 

that spatial processing is done on-the-fly on a machine that does not have a high 

performance. In addition, the implementation of our generalization operators may be 

optimized. The slowness of our prototype can also be explained by our technological 

choices, such as Java, Jade and GML, which negatively influence the performance of our 

prototype in terms of processing time. In order to speed up our approach, we may: 

- Use C++ as an alternative to the Java programming language which is commonly 

known to be slow. 

- Apply a simplification transformation to spatial objects. This transformation would 

enable us to reduce the complexity of the objects’ geometries and therefore to 

simplify processing. 

- Use geometric patterns (Cardenas 2004) as in the case of the SGO concept (Sabo 

2004). 

- Focus only on salient areas during the map generation process (Figure 6.30). These 

areas may be the immediate environments of important objects for the user. They 

may also be the immediate environments of the roads that represent the itinerary of 

the user from its current location to its destination. The use of salient areas would 

enable the system to focus on the parts of the geographic space that may be of most 

interest to the user.  
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Figure 6.30 Illustration of salient areas 
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Conclusion 
 

This chapter is composed of three sections: general discussion, contributions, and future 

works. In the general discussion section, we present the main characteristics of our 

multiagent-based approach that we proposed to solve spatial conflicts and generate web 

maps on-the-fly. In the contributions section, we present the main contributions of this 

thesis and explain why they are considered as contributions by comparing them to related 

works. Finally, in the future works section, we present the future works that we intend to 

carry out in order to improve the performance of our multiagent-based approach.  

 

7.1 General discussion 
In this dissertation, we proposed a multiagent-based approach for on-the-fly web map 

generation and more particularly for spatial conflict resolution. The main characteristics of 

our approach are: 

- Combining three techniques: multiagent systems, cartographic generalization and 

multiple representation 

We combined the use of cartographic generalization and multiple representation in order to 

take advantage of the flexibility of processing-oriented approaches and the suitability of 

representation-oriented approaches to generate maps in real-time (c.f. Chapter 2, Section 

2.4.3). Multiple representation is particularly advantageous to avoid the application of 

complex and long transformations to spatial objects. In addition, it provides us with more 

options to solve conflicts especially when generalization operators result in unsatisfactory 

outcomes. Furthermore, multiagent systems provide our approach with autonomy to 

generate the required maps automatically. Indeed, data processing is carried out by several 

agents that act autonomously, while fitting the environment changes.  

- Solving spatial conflicts and generating maps on-the-fly as a result of agents’ 

interaction  

In our approach, the real-time generation of web maps and the resolution of spatial conflicts 

result from the interaction of software agents which have three main types of tasks: 

organizational (Coordinator and Type agents), control (Container agents) and processing 
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(instance agents). Due to the reduced size of user’s screen, the interactions of our instance 

agents can be thought of as a competition for space allocation. During this competition, the 

goal of each agent is to guarantee legible representations of its associated spatial object. In 

order to reach this goal, it evaluates its current state, determines the current configuration of 

its immediate environment, and chooses and carries out suitable actions at every spatial 

conflict resolution cycle. When the agent is involved in spatial conflicts, it negotiates with 

some of its neighbor agents. This negotiation may result in the generation of new conflicts 

with neighbor agents having lower priorities. When its survival is threatened, the agent may 

cooperate with some of its neighbors in order to merge into one single aggregate agent.  

- Solving spatial conflicts using an approach driven by the importance of data to the user 

of the map 

Considering the relative importance of data to the user, we assign a priority to every spatial 

object. During processing, the agents assigned to the objects having higher priorities are 

favoured (c.f. Chapter 5, Section 5.5.2). They are the first to finish their processing. In 

addition, since their objects cannot be eliminated, they are allowed to create new conflicts 

with neighbor agents when they need to improve their legibility. Meanwhile, agents 

assigned to objects having lower importance to the user may be eliminated. Their primarily 

goal is to survive to the space competition.  

The use of priorities enables us to take into account the user’s preferences and the map’s 

context of use during processing. It also enables us to emphasize the objects which are 

important to the user in order to improve the usability of the final map. 

- Improving the personalization of maps at the source  

During the generation of the required maps, we emphasize the objects which are important 

to users. We take into account their needs as well as the maps’ contexts of use while 

solving spatial conflicts. Our final maps are ready-to-use maps. They contain legible 

representations of important objects. They also contain symbols that help users to better 

understand the geographic space.    

- Generating maps using a progressive map generation by layers of interest approach 

We generate the required maps according to the importance of their contents to users. In 

order to reach this goal, we proposed a progressive map generation by layers of interest 

approach. Our approach is based upon the categorization of data, on-the-fly, according to 
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users’ queries as well as to the maps’ contexts of use. Our approach enables us to generate 

and transfer data to users at the same time. It also enables us to reuse the data already 

transmitted to the user by superimposing layers of interest on its terminal. Whenever the 

user gets the information he is looking for from the amount of data already transmitted, he 

can stop the generation and the transfer of the map. Our progressive map generation is 

particularly important in the context of mobile mapping applications. Indeed, the reuse of 

data reduces the amount of information that must be transmitted to the user and 

consequently reduces the cost he must pay.  

 

Our approach has been applied in the context of the SIGERT system which aims to 

generate personalized tourist maps, on-the-fly, for web and mobile users according to their 

preferences and the visualization characteristics of their terminals. We implemented our 

approach using the Java programming language and the Jade platform for the development 

of our multiagent system. Our spatial data has been enriched with information about 

neighborhood relationships, aggregations and semantic and graphic representations, and 

then stored in GML files. The structure of these files has been modified in order to meet the 

SIGERT’s requirements.  

The tests carried out in our research laboratory were promising. Indeed, our prototype 

enabled us to generate better personalized maps, compared with those provided by systems 

such as YahooMaps and MapQuest. In addition, the quality of our final maps is globally 

satisfactory. Nevertheless, it should be noted that the current version of our prototype has 

several limitations. Indeed, our prototype is slow compared with other existing systems 

such as Google Earth, YahooMaps and Map24. This slowness essentially can be explained 

by the fact that we carry out spatial processing on-the-fly. It can also be explained by the 

slowness of Java and Jade, as well as by the frequent process of parsing, creating and 

merging GML files. In order to speed up our approach, we may use C++ as an alternative to 

the Java programming language, apply a simplification transformation to spatial objects, 

improve the implementation of the cartographic generalization operators, etc.  
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7.2 Contributions     
The main contributions of this thesis are: 

1. The resolution of spatial conflicts using multiagent systems, cartographic 

generalization and multiple representation.  

Spatial conflicts have been addressed by several research works, which were mostly 

based upon the use of displacement (Mackaness 1994, Ruas 1998, Wilson et al. 

2003, Ware et al. 2002, Harrie 1999, Maozhen et al. 2002, etc). As discussed in 

Chapter 3, the performance of these works is limited, especially because it is 

insufficient to use only displacement to solve conflicts. Some approaches addressed 

the problem of spatial conflicts using multiple generalization operators (e.g. Ware et 

al. 2003, Ruas 1999, Duchêne 2003). However, apart from the research work of 

Ruas (1999) done in the context of the AGENT project, the other works were based 

upon predefined sequences of generalization operators which may not be suitable to 

every case. Our approach uses multiple generalization operators whose sequence is 

determined on-the-fly by our instance agents. In addition, our approach uses 

multiple representations to solve spatial conflicts. Currently, no existing approach 

for spatial conflict resolution combines the use of multiple representation and 

cartographic generalization. Therefore, our approach can be considered as the only 

research work that combines the use of cartographic generalization and multiple 

representation to solve spatial conflicts. Our approach can also be considered as the 

only research work that uses multiagent systems with cartographic generalization 

and multiple representation to solve spatial conflicts.  

Our first contribution was published in (Jabeur et al. 2003). 

 

2. The generation of web and mobile maps, on-the-fly, using multiagent systems, 

cartographic generalization and multiple representation. 

Combining the use of multiple representation and cartographic generalization to 

generate maps automatically is not new. However, to our knowledge, this 

combination was used only in the context of the GEMURE and the GiMoDig 

projects in order to generate web maps on-the-fly. Furthermore, to our knowledge, 

the only research work that addressed web map generation using multiagent systems 
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is the work of Maozhen (2002), which is based upon the application of 

displacement to spatial objects. The AGENT project, which is the most known 

research work that addressed automatic generalization using multiagent system, 

does not address the context of web mapping applications. Moreover, none of 

existing multiagent-based approach used multiple representation to generate maps. 

Therefore, our approach can be considered as the only one that addresses on-the-fly 

map generation using the three techniques: multiagent systems, cartographic 

generalization and multiple representation. Furthermore, in addition to negotiation, 

which was used by Maozhen (2002) and Duchêne (2003), our agents cooperate in 

order to create aggregations during the process of on-the-fly map generation. 

Our second contribution was published in (Jabeur and Moulin 2004) and (Jabeur 

and Moulin 2005). 

 

3. The real-time adaptation of maps’ contents to users’ needs at the source. Currently, 

the existing approaches that addressed on-the-fly web map generation do not take 

into consideration the user’s preferences during the map generation process. They 

commonly contend with the retrieval of required data which was preprocessed and 

stored in specific databases (e.g. Google Earth, YahooMaps, and Mapquest). 

Otherwise, they provide users with some functionalities to improve the 

personalization of maps which are already displayed on their display screens (e.g. 

UMapIT). In this dissertation, we proposed an approach that personalizes maps 

during their generation. These maps are ready-to-use maps. Their contents do not 

need to be improved, as in the case of other existing approaches.  

Our third contribution was published in (Jabeur and Moulin 2004). 

 

4. A multi-layers multiagent system architecture.  

Our multiagent system architecture models the geographic space according to: map, 

layers of interest, containers, and individual objects. This categorization is different 

from those consisting in: (i) individual objects (e.g. Maozhen 2002), (ii) macro, 

meso and micro objects (e.g. Ruas 1999, Duchêne 2003), and (iii) simple and 

complex SGO (Sabos 2004).  
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Our fourth contribution was published in (Jabeur and Moulin 2005), (Jabeur and 

Moulin 2004), and (Gbei et al. 2003). 

 

5. A progressive map generation approach by layers of interest.  

In order to counterbalance the loss of time during the generation of required data, a 

progressive map generation approach has been proposed and used (Bertolotto 1998, 

Buttenfield 1999, Oh and Bae 1999, Bertolotto and Egenhofer 2001, Buttenfield 

2002, Brenner and Sester 2003, Follin 2004). The approaches proposed by Follin 

(2004), Brenner and Sester (2003), as well as Bertolotto and Egenhofer (2001) 

addressed the reuse of data which is already transferred to the user. We also reuse 

data which is already transmitted to the user. However, in contrast with the other 

existing approaches, our layers of interest contain the expected level of detail of 

spatial objects. Consequently, the user does not have to wait until more detail about 

these objects are generated and sent to him.  

Our fifth contribution was published in (Jabeur and Moulin 2005).   

 

6. The generation and transfer of web and mobile maps at the same time to users.   

Our progressive map generation approach enables us to generation and transfer 

maps at the same time. As soon as a layer of interest is generated, it is adapted then 

transferred to the user. Other existing approaches transfer the entire map at once, or 

generate the map then transfer it progressively.  

Our sixth contribution was published in (Jabeur and Moulin 2005). 

  

Thus, all the objectives of this thesis have been reached. Indeed, we propose an approach 

that enables us to: (1) to generate and adapt maps to users’ needs on-the-fly, (2) solve 

spatial conflicts that may occur when spatial objects and symbols overlap, (3) improve the 

flexibility and usability of current web maps, and (4) speed up on-the-fly generation of 

maps and reduce users’ waiting time by generating and transferring maps progressively, at 

the same time. Furthermore, contributions 2 and 3 answer the first research question stated 

in Chapter 1: how can we adapt the contents of maps to users’ needs on-the-fly? 

Contributions 1 and 4 answer the second research question: how can we solve spatial 
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conflicts so that to improve the legibility of maps while taking into account users’ needs? 

Finally, contributions 5 and 6 answer the third research question: how can we speed up data 

generation and transfer to users?  

7.3 Future works    
As future works we intend: 

1. To improve the performance of our approach as regards rapidity and accuracy.  

This goal can be reached by improving the implementation of the cartographic 

generalization operators that we are using. It can also be reached by enriching the 

spatial database with data at several scales and/or with geometric patterns (see 

Cardenas 2004). To this end, we can take advantage of the SGO concept (Sabo 

2004) which handles efficiently and quickly the geometric patterns. In this case, we 

may combine our approach with the SGO concept. In this combination, the SGO 

concept deals with the use of geometric patterns, whereas our approach deals with 

agents’ communications as well as with the identification of objects to be 

transformed at every map generation cycle. Moreover, the application of a 

simplification transformation to spatial objects should reduce the complexity of 

their geometries and, consequently should enable us to speed up the map generation 

process. Indeed, since the detection of spatial conflicts is based upon the checking 

of intersections between polygons, the simplification of these polygons should 

reduce the processing load.  

2. To improve the implantation of Container agents.  

In order to reach this goal, we need to enrich our spatial database with data at 

different scales and identify the aggregations that cartographers may carry out 

during the generation of maps at different scales.  

3. To improve the personalization of maps by supporting users’ preferences, profiles, 

and cultural backgrounds.  

This task can be done by collecting information about web and mobile users 

through questionnaires. In addition, since we do not focus on the personalization of 

maps at the destination, we intend to provide users with the necessary 
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functionalities (such as intelligent zooms as proposed by Bernier et al. (2005)) that 

enable them to personalize the content of maps which are already displayed. 

4. To apply our approach to different contexts other than tourism, such as emergency 

situation management and military use.  

In order to reach this goal, we need to identify the appropriate data categorization 

according to each context, understand users’ needs and preferences, and express the 

necessary rules that enable our agents to generate the required maps.  

5. To extend our multiagent system architecture in order to speed up the processing of 

multiple queries in parallel.  

Currently, our multiagent system can process multiple users’ queries at the same 

time. However, this process requires the creation of a relatively high number of 

agents that may slow down the processing of maps. In order to overcome this 

problem, we could create a new system (Figure 7.1) that consists of several modules 

having the same architecture as our current multiagent system (Figure 5.11). These 

modules would be connected to a Broker agent that gets the users’ queries and 

assigns them to the Coordinator agents of the different modules. Every Coordinator 

agent periodically sends to the Broker agent the information about the progression 

of the generation of the map it is assigned to (e.g. what are the layers of interest 

already generated and transferred). The Broker agent has a list containing the 

queries which are recently answered and those currently under processing. When it 

receives a new user’s query, it checks this list. If a given Coordinator agent is 

processing or processed recently the same query (or nearly the same query), the 

Broker agent assigns to this Coordinator agent the processing of the new query.  If 

the new query is slightly different from the one under processing or recently 

processed by the Coordinator agent, this latter adapts one or more layers of interest 

so that the new map can meet the user’s expectations. But this extension of our 

approach requires in depth study, especially to define similarities between queries, 

and the development of mechanisms to take advantage of previous processing of 

similar queries. This could be the subject of another PHD work.    
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Figure 7.1 Extended architecture supporting multiple queries 
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Annexe A: The SIGERT system  
 

A.1 SIGERT’s architecture and technological choices  
As mentioned in Chapter 6, Section 6.2, the SIGERT system (Gbei et al. 2003) was 

designed to generate maps for web and mobile users on the basis of multiple representation 

and cartographic generalization. It aims at creating software tools which can provide on-

the-fly personalized maps to users according to their preferences and the visualization 

characteristics of their terminals (desktop, PDA, mobile phone, etc.). The SIGERT system 

is based on a Client/Server architecture (Figure A.1). The Client side enables users to log in 

the system and specify their queries. It provides an orientation map that helps users to 

select their areas of interest. The Server side generates the required maps according to 

users’ queries. These maps are generated and transferred to users at the same time by a 

multiagent system which is developed with Java using the Jade platform.  

In the SIGERT system, the generation of maps is done according to an approach based 

upon a progressive map generation by layers of interest. Before sending a given layer of 

interest, the multiagent system transforms it, using XSLT, into a SVG format if the map 

will be displayed on a desktop, or into a Tiny SVG if the map will be displayed on a PDA.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1 SIGERT’s architecture. 
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The spatial data used in the SIGERT System represents a part of Quebec City at the scale 

1:1000. This data was transformed into several GML files (roads, buildings, etc.) using the 

FME software (Murray et al. 2003). Then, we transformed the structure of these files to 

make them compatible with the SIGERT’s data structure which accommodates multiple 

representations (Figure 6.5) (Cosma 2004). In the SIGERT system, the GML files are 

stored using the database management system eXist (Meier 2002). Currently, two user 

interfaces have been developed; one for desktops and one for PDAs using ASP.NET and 

ASP.NET Mobile respectively.  

A.2 How to get maps from the SIGERT system?    
In order to get a map from the SIGERT system, a web user or a mobile user first logs in the 

system. Then, he selects an area of interest on the orientation map displayed on his 

terminal. Using SIGERT’s client interface, the user can indicate his destination or choose 

specific elements (buildings, places, lakes, etc.) he is looking for. When the SIGERT’s 

server receives the user’s query, the multiagent system analyzes it and retrieves the required 

datasets from the spatial database and from the users database. Next, the multiagent 

system stores these datasets in a GML file which will be processed automatically in order 

to create a map which corresponds to the user’s needs and profile. At the end of the 

processing, the multiagent system carries out final adaptations in order to let the map fit the 

characteristics of the user’s terminal, and then it sends the final map to the user’s terminal 

in order to be displayed. These adaptations are based upon an XSL-transformation.  

A.3 The SIGERT prototype 
The current version of the SIGERT system provides users with several functionalities. For 

example, they have the opportunity to indicate their preferences concerning the display of 

maps (as for example the choice of preferred style) as well as to specify the type of objects 

that interest them the most (Figure A.2). The SIGERT system enables us to register users 

and their preferences in the users database in order to improve the personalization of maps’ 

contents. However, this registration is optional. If a user uses the application without 

authenticating himself, the system uses default preferences during the generation of the 

requested maps.    
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Figure A.2 Registration of users’ preferences In the SIGERT web Portal. 

 

The SIGERT Web Portal provides users with three types of services (Gbei et al. 2003): 

- Maps containing tourist information about geographic areas chosen by users. This 

type of service is currently implemented by the SIGERT prototype. It provides users 

with an orientation map on which they are able to specify their areas of interest. It 

also provides users with the possibility to select the objects they are looking for 

(Figure A.3). 

- Maps containing tourist information about tourist features close to a given place 

chosen by users. This type of service is currently implemented in the SIGERT 

prototype. It provides users with an orientation map on which they can position a 

circle around the area of their interest. The radius of this circle can be adjusted in 

order to modify the proximity search area (Figure A.4).  

- The computation and the display of routes on a map. This type of service is not yet 

implemented in the current version of the SIGERT prototype.  
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Figure A.3 Selection of the area of interest and features to be displayed (Cosma 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.4 Proximity search of services or objects (Cosma 2004). 
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When the multiagent system of the SIGERT’s server receives a new user’s query, it 

analyzes this query, retrieves the required datasets and generates the required map. This 

map is generated and transferred, layer by layer, according to the importance of data to the 

user. Whenever a new layer of interest is sent to the user, it is superimposed on the layers 

of interest which have been already transferred. The user can stop the map generation 

process if he finds the information he is looking for from the amount of data already 

transferred.  

The following snapshots represent examples of web and mobile mapping service provided 

by our SIGERT prototype (Figure A.5 and Figure A.6). When a web user moves the mouse 

over an important object, the SIGERT prototype displays its description. The user can get 

the address of this object by clicking on it. A mobile user can have the description and the 

address of any important object by selecting its reference which appears on the map from a 

scroll list on the top of its user interface (Figure A.6, right).         

     

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.5 Web map provided by the SIGERT prototype. 
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Figure A.6 (left) Selection of the interest zone, (middle) Selection of features to be displayed, 

(right) Map provided by the SIGERT prototype to the mobile user 
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Annex B: Presentation of different approaches for spatial 
conflict resolution   
 

In this annex, we describe, comment and compare five approaches that we tested in order to 

solve spatial conflicts and to generate the required maps on-the-fly in a tourist context: a 

displacement-based approach, a size reduction-based approach, an elimination-based 

approach, a multiple operators-based approach and our approach based on the use of 

cartographic generalization and multiple representation. The performance of these 

approaches can be compared to those studied in Chapter 3. However, our goal is not to 

propose new approaches and to discuss their performance regarding the existing 

approaches. Instead, we aim to discuss and show the limitations of each approach when we 

apply them to generate personalized maps in a tourist context. Then, we show how using 

multiple operators enables us to overcome several limitations of approaches based upon 

one generalization operator. We also present how using multiple representation enables us 

to speed up map generation and improve its personalization and usability.  

The tests of the different spatial conflict resolution approaches were done on two samples 

of maps (Figure B.1 and Figure B.2). In these maps, we deliberately create some conflicts 

by exaggerating some important objects with respect to the user’s needs. Our tests have 

been done on a machine using the Window XP OS, 512 Mo RAM and 1GHz of processor 

speed. 
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Figure B.1 The first sample of map with spatial conflicts. 

 

 

 

 

 

 

 

 

 

 

 

Figure B.2 The second sample of map with spatial conflicts. 

B.1 A displacement-based approach for spatial conflict 
resolution   
The purpose of the test  

Our purpose to test a displacement-based approach is to show that using a single 

generalization operator to solve spatial conflicts is insufficient.  

Presentation of the approach 

In order to solve spatial conflicts, we tested the following displacement-based approach: 

When a spatial conflict is detected between an agent A and an agent B (priority of B is 

Conflicts with a road 
and with neighbour 
objects  

Conflicts with a road 
and with neighbour 
objects  
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lower than the one of A’s priority), B tries to solve the conflict by moving the object it 

handles. If B fails to solve the conflict, then agent A tries to displace the object it handles. If 

the conflict remains unsolved, then B will be responsible for its resolution. B may have 

more chances to solve the conflict if free space will be available when one or several 

neighbor agents move the objects they handle. In addition, when a conflict is detected 

between two agents having the same priority, these two agents will try to find and perform 

simultaneously the best move to solve this conflict.  

In the displacement-based approach used for tests, we restricted moves to 8 directions (c.f. 

Figure 4.13a). We made this hypothesis in order to reduce the search time for the best 

displacement. This hypothesis can be relaxed in agents’ settings to enable them to look for 

the best move along more than 8 directions. However, this strategy enables the system to 

get better accuracy at the cost of processing time. The application of the displacement-

based approach on our initial maps configurations (Figure B.1 and Figure B.2) resulted in 

the reduction of the number of existing conflicts (Figure B.3 and Figure B.4). Indeed, some 

conflicts remain unsolved since no space is available wherein to move objects involved in 

these conflicts. Figure B.5 and B.6 give the superposition of the initial data and the data 

collected as a result of the displacement-based approach.   

 

 

 

 

 

 

 

 

 

 

 

Figure B.3 Displacement-based conflict resolution ( sample 1).  
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Figure B.4 Displacement-based conflict resolution (sample 2). 

 

 

 

 

 

 

 

 

 

 

Figure B.5 Superimposed maps ( initial and final maps, sample 1). 
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Figure B.6 Superimposed maps (initial and final maps, sample 2). 

Conclusion 

A displacement-based approach may fail to solve spatial conflicts especially when the 

objects’ density is high.  

B.2 A size reduction-based approach for spatial conflict 
resolution   
The purpose of the test 

Our purpose to test a size reduction-based approach is to show that using a single 

generalization operator to solve spatial conflicts is insufficient. 

Presentation of the approach  

The second approach we tested in order to solve existing spatial conflicts is a size 

reduction-based approach. The general idea of this approach consists of progressively 

scaling down some objects involved in spatial conflicts until these conflicts are solved. The 

application of this strategy depends on the kind of conflict detected: 

1. Conflict detected between an ordinary object (agent B) and an explicitly required object 

or a landmark object (agent A). In this case, B is scaled down until the conflict is solved. 

We do not care if B becomes non legible. We used this heuristic since ordinary objects do 

not have any specific importance to the user.  

Final object 
superimposed 
on initial object 
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2. Conflict detected between an explicitly required object (agent A) and a landmark object 

(agent B). In this case, B reduces its size if it will not fall under the perception threshold. If 

the conflict remains, then A reduces its size, if it will not fall under the perception 

threshold. If the conflict remains unsolved, then B reduces its size while it remains non 

legible and the conflict is unsolved. Since we do not prefer to eliminate important objects 

(explicitly required objects and landmark objects), this strategy does not necessarily solve 

this kind of spatial conflicts. 

3. Conflict detected between two objects of the same priority. In this case, the two objects 

are scaled down simultaneously. If these objects are ordinary objects, then the conflict will 

be solved since we do not care whether the legibility of these objects will be preserved or 

not during size reduction. However, if these objects are explicitly required by the user or 

are landmark objects, then size reduction strategy does not guarantee that the conflict will 

be solved.  

The application of this size reduction-based approach to our initial maps configurations 

(Figure B.1 and B.2) resulted in the resolution of all spatial conflicts (Figure B.7, Figure 

B.8). However, some ordinary objects fell under the perception threshold and needed to be 

eliminated. Figures B.9 and B.10 give the superposition of the initial data and the data 

collected as a result of the size reduction-based approach. We mention here that apart from 

this approach, no other existing approach has addressed the problem of spatial conflict 

resolution or on-the-fly map generation using size-reduction. Consequently, this approach 

is innovative. Despite its limitations, it returns promising results. 
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Figure B.7 Size reduction-based conflict resolution (sample 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure B.8 Size reduction-based conflict resolution (sample 2). 

 

 

 

 

 

 

 

  

 

Figure B.9 Superimposed maps ( initial and final maps, sample 1). 
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Figure B.10 Superimposed maps ( initial and final maps, sample 2). 

 

Conclusion  

A size reduction-based approach may solve all spatial conflicts at the cost of loss of useful 

information and diminishment of objects legibility.  

B.3 An elimination-based approach for spatial conflict 
resolution   
The purpose of the test 

Our purpose to test an elimination-based approach is to show that using a single 

generalization operator to solve spatial conflicts is insufficient. 

Presentation of the approach 

In addition to a displacement-based approach and to a size reduction-based approach, we 

tested an elimination-based approach in order to solve spatial conflicts. This approach 

eliminates only ordinary objects involved in spatial conflicts. It eliminates neither explicitly 

required objects nor landmark objects involved in spatial conflicts. We used this heuristic 

since we prefer not to loose important information with respect to users’ needs. 

Consequently, conflicts between explicitly required objects and/or landmarks cannot be 

solved by this elimination-based approach.  

Final objects 
superimposed 
on initial 
objects 
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To our knowledge, no existing spatial conflict resolution approach is based upon 

elimination. Therefore, we can consider that the elimination-based approach presented in 

this section is innovative. Of course, the only use of elimination does not solve all existing 

conflicts as it is shown in the results (Figure B.11 and Figure B.12) obtained from the 

application of the elimination-based approach to our initial maps configurations.     

 

 

 

 

 

 

 

 

 

Figure B.11 Elimination-based conflict resolution (sample 1). 

 

 

 

 

 

 

 

 

 

 

 

Figure B.12 Elimination -based conflict resolution (sample 2). 

 

Conclusion 

An elimination-based approach may solve all spatial conflicts at the cost of loss of useful 

information. 
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B.4 A multiple operators-based approach for spatial conflict 
resolution   
The purpose of the test 

In the following test, we intend to show the advantages of using multiple generalization 

operators to solve spatial conflicts. 

Presentation of the approach 

As discussed in Chapter 3, the use of multiple operators is advantageous to the resolution of 

spatial conflicts. Some of existing approaches (e.g. Ware et al. 2003, Duchêne 2003) used 

predefined sequences of operators. In contrast to these approaches, we tested an approach 

based upon the use of multiple operators whose sequence is determined in real-time 

according to current locations of objects and available space. At every spatial resolution 

step, an agent must identify the best cartographic generalization operator (displacement, 

size reduction, elimination, aggregation) to perform according to its current state and to the 

actions performed by its neighbors.  

The application of the multiple operators-based approach to our initial maps resulted in the 

resolution of all the existing conflicts (Figure B.13 and Figure B.14). Figures B.15 and 

B.16 give the superimposing of the initial data and the data obtained as a result of this 

approach (the objects which were eliminated reappear on the superposition of the two 

maps).   

 

 

 

 

 

 

 

 

 

 

Figure B.13 Multiple operators-based conflict resolution (sample 1). 
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Figure B.14 Multiple operators-based conflict resolution (sample 2). 

 

 

 

 

 

 

 

 

 

 

Figure B.15 Superimposed maps ( initial and final maps, sample 1). 
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Figure B.16 Superimposed maps ( initial and final maps, sample 2).  

 

Conclusion 

The use of multiple generalization operators enables us to solve all spatial conflicts. Indeed, 

whenever a given operator fails to solve a specific conflict, another one enables us to find a 

solution for this conflict.   

B.5 Our approach based on cartographic generalization and 
multiple representation   
The purpose of the test 

In the previous test, we emphasized the advantages of using multiple operators to solve 

spatial conflicts. In the following test, we emphasize the benefits of combining multiple 

representation and cartographic generalization to solve spatial conflicts.  

Presentation of the approach 

The use of multiple cartographic generalization operators for spatial conflict resolution 

resulted in a quite satisfactory outcome. However, since we aim to increase the 

personalization of maps and their usability, we need to emphasize the semantics of objects 

important to the user. We reached our goal by the use of multiple representations. The 

application of our approach (described in chapter 5) on the initial maps (Figures B.1 and 

B.2) resulted in the resolution of all spatial conflicts and in better semantic contents of the 
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maps (c.f. Chapter 6, Section 6.4.4). The use of symbols with explicitly required objects 

and landmark objects created some overlaps with neighbor objects. We do not solve these 

overlaps when they are generated between a symbol and an ordinary object (since it has no 

particular importance to the user) or when they are generated between a symbol and a road 

(since generally the symbol does not hide the road). Otherwise, when an overlap is created 

between a symbol and an explicitly required object or a landmark object, the agent to 

whom the symbol belongs changes its geometric representation in order to make free space 

wherein to place its symbol (Figure B.17 and Figure B.18). 

 

 

 

 

 

 

 

 

 

Figure B.17 Conflict resolution by our approach (sample 1). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B.18 Conflict resolution by our approach (sample 2). 
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Conclusion  

The use of multiple generalization operators enables us to solve all spatial conflicts. The 

use of multiple representation enables us to improve the personalization of the content of 

the map.    

B.6 Discussion   
The application of the spatial conflict resolution approaches presented above on two 

samples of maps (Figure B.1 and Figure B.2) returned different results. These results may 

be compared in accordance to different criteria such as the number of conflicts solved, the 

loss of information (number of objects eliminated and number of objects which became non 

legible), the preservation of spatial objects’ relationships, the geometric accuracy, the 

processing time, etc. These criteria may have different weights regarding the goals of the 

map and its context of use.  

The comparison of the results obtained by the different approaches based on one 

generalization operator is not always credible. Indeed, the outcome of each approach 

depends on the performance of its generalization operator which is strongly affected by the 

complexity of the initial map’s configuration. For example, when the density of objects is 

high, moving objects may be excessive or impossible. Therefore, a displacement-based 

approach may be inefficient. However, an elimination-based approach may give better 

results if it is allowed to eliminate objects involved in spatial conflicts. Otherwise, a size 

reduction-based approach may be more suitable than an elimination-based approach when 

the elimination of objects results in a loss of useful information for the user. Furthermore, 

in some cases, size reduction may result in bad legibility of the map. In such cases, a 

displacement-based approach may be more suitable.  

Theoretically, the use of a single cartographic generalization operator fails to solve all the 

existing spatial conflicts. Therefore, using several cartographic generalization operators is 

required in order to get better results. This conclusion has been confirmed by our 

experimentations summarized in Table B.1. Indeed: 

- We may need a size reduction when no free space is available wherein to move objects.  

- We may need elimination when no free space is available wherein to move objects or 

when size reduction results in non legible objects. 
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- We may need a displacement when the elimination of objects results in a loss of 

information and a size reduction results in non legible objects. 

- We may need elimination or size reduction operators in order to create free space 

wherein to move spatial objects. 

A multiple operators-based approach for spatial conflict resolution enables us to go beyond 

the limitations of the approaches based on the use of one generalization operator. It has all 

the advantages of the approaches that are based on displacement, size reduction or 

elimination. However, its main challenge is to determine the suitable sequence of the 

application of the different operators, which may result in additional processing time.  

The performance of an approach based on multiple operators may be improved by the use 

of multiple representation. Indeed, the change of the representations of some objects may 

solve existing conflicts and, consequently, shortens processing time. Moreover, the use of 

graphic and semantic representations enables us to enrich the semantic content of the map 

and improve its personalization and its usability. However, processing needs additional 

time in order to place symbols and labels.  
 Advantages Drawbacks  

Displacement   Least  loss of 

information 

 Not all conflicts are solved  

 Relatively slow to determine the best move to 

perform 

Size reduction  Most of the conflicts are 

solved 

 Legibility diminishes especially when the scale of 

the map is very reduced   

 Loss of information  

Elimination  Quick   Not all conflicts are solved  

 High loss of information 

Multiple operators   All conflicts are solved  Relatively slow 

Our approach   All conflicts are solved 

 Semantically rich  

 More personalized 

content of maps  

 Relatively slow  

 Requires available multiple representations of data 

 

Table B.1 Advantages and drawbacks of the different approaches presented. 

 


