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Abstract. Thanks to new technological advances, geospatial information is 
getting easier to disseminate via Internet and to access using mobile devices. 
Currently, several mapping applications are providing thousands of users 
worldwide with web and mobile maps generated automatically by extracting 
and displaying pre-processed data which is stored beforehand in specific 
databases. Though rapid, this approach lacks flexibility. To enhance this 
flexibility, the mapping application must determine by itself the spatial 
information that should be considered as relevant with respect to the map 
context of use. It must also determine and apply the relevant transformations to 
spatial information, autonomously and on-the-fly, in order to adapt it to the 
user’s needs. In order to support this reasoning process, several knowledge-
based approaches have been proposed. However, they did not often result in 
satisfactory results. In this paper, we propose a multiagent-based approach to 
improve real-time web and mobile map generation in terms of personalization, 
data generation and transfer. To this end, the agents of our system compete for 
space occupation until they are able to generate the required map. These agents, 
which are assigned to spatial objects, generate and transfer the final data to the 
user simultaneously, in real-time.   

1   Introduction 

Nowadays, users worldwide can readily access spatial data via Internet or using 
mobile devices. However, this data, which is increasingly available thanks to new 
advances in communication technologies, development standards and information 
storing and handling techniques [1], does not always matches users’ requirements. 
Consequently, spatial transformations must often be applied in order to generate new 
data that meets users’ needs. These transformations, which enable a given system to 
generate new data during a scale reduction process, correspond to the so-called 
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cartographic generalization process. Currently, several mapping applications, such as 
MapQuest, YahooMaps, and Google Earth, apply transformations to geographic 
objects in a pre-processing mode. They provide maps to users by extracting and 
displaying the pre-processed data which is stored beforehand in specific databases. In 
spite of its rapidity, this automatic map generation approach lacks flexibility 
especially since data was produced once for all at predefined scales. In order to 
enhance the automatic web and mobile map generation process, the mapping 
application must determine by itself which spatial information should be considered 
as relevant with respect to the map context of use. It must also autonomously 
determine and apply the relevant transformations to spatial objects in order to adapt 
the content of the map to the user’s expectations and display screen. When the user 
expects to get the required map immediately, the map generation process is said to be 
on-the-fly2, otherwise, it is said to be on-demand. Several knowledge-based 
approaches, using case-based reasoning and rule-based systems, have been proposed 
to generate maps for web and mobile users on-the-fly. However, they were limited 
and unable to fully automate the web and mobile map generation process.  

In this paper, we propose a new multiagent-based approach to improve on-the-fly 
web and mobile map generation. The idea is to assign a software agent to every 
spatial object. Due to the reduced sizes of screens, agents are regarded as competing 
for space occupation during the generation of the required maps. During this 
competition, they must cope with several types of constraints. Section 2 presents these 
constraints in the context of web and mobile mapping services. Section 3 outlines the 
knowledge-based approaches that addressed the on-the-fly map generation process. 
Section 4 focuses on the use of multiagent systems for on-the-fly web and mobile 
map generation. Section 5 deals with the interactions of our agents during the map 
generation process. It discusses the types of interactions that seem suitable to real-
time map generation. Section 6 presents the architecture of the multiagent system that 
we propose in order to tackle important problems related to map personalization, 
generation, and transfer. Finally, Section 7 presents examples of web and mobile 
maps generated, on-the-fly, by the SIGERT system in which our multiagent-based 
approach is implemented.  

2 Constraints of web and mobile map generation  

On-the-fly web and mobile map generation is a challenging task. It has to deal with 
four kinds of constraints: technical constraints, spatial data constraints, user 
constraints and spatial processing constraints (Fig. 1): 
• Technical constraints are independent of the approach used to generate the required 
map. In a web context, these constraints result from limitations, opportunities and 
characteristics of the web such as downloading time and data transfer rates. They also 
result from the limitations of displaying maps on the web such as color depth and 
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quality as well as screen sizes and resolution [2]. These constraints, which cannot be 
controlled by map makers due to the variety of client systems, are also present in a 
mobility context in which tracking users is an additional constraint.  
• Spatial data constraints are related to data modeling, availability and retrieval. A 
well structured spatial data helps to speed up the extraction of the required spatial 
datasets especially when an efficient spatial data indexation mechanism is available.  
• Users’ constraints result from users’ requirements, preferences, cultural 
backgrounds, contexts and spatial reading and reasoning abilities.  
• Spatial processing constraints are related to the challenging task of choosing the 
relevant spatial transformations, their particular implementation algorithms and 
identifying the best sequence to apply them. They are also related to the efficient use 
of spatial data and the real-time adaptation of the contents of maps in order to support 
users and technical constraints. During this adaptation, spatial conflicts may appear 
between cartographic objects, especially because screen sizes are often very limited. 
The resolution of spatial conflicts should comply as much as possible with several 
constraints such as graphical, topological, structural, and aesthetic constraints. 
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Fig. 1. Constraints of on-the-fly web and mobile map generation. 
 

Due to the large number of constraints and the time-consuming character of spatial 
processing, it is important to prioritize the issues to be tackled. In the scope of this 
paper, we are particularly interested in finding ways to improve on-the-fly web and 
mobile map generation in terms of personalization and data generation and transfer.  
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3 Knowledge-based approaches for on-the-fly map generation         

For a long time, new maps used to be generated automatically from existing data 
using algorithmic approaches that apply independent transformations to spatial 
objects. These transformations, which are particularly important during a scale 
reduction process, were generally applied without taking into account the immediate 
environment of spatial objects as well as users’ expectations. In addition, they were 
often applied according to specific sequences that are not always suitable to process 
current space configurations. For these reasons, algorithmic approaches were not 
always able to generate new maps having a satisfactory quality. To enhance map 
quality, cartographers rely on their expertise and know-how. However, when it comes 
to the automatic map generation process, the mapping application should be able to 
determine and retrieve the relevant objects to be displayed on the final map with 
respect to the user’s needs. It should also be able to determine and apply the suitable 
transformations to cartographic objects in order to adapt the content of the map to its 
context of use.  

In order to take advantage of cartographers’ expertise, several knowledge-based 
approaches have been proposed. Case-based reasoning approaches were set up using 
several types of knowledge, such as: geometric knowledge, procedural knowledge, 
and structural knowledge [5]. These types of knowledge may result in conflicts when 
choosing the suitable transformations to apply to spatial data. In order to minimize 
these conflicts, some works emphasize the use of constraints, such as graphical, 
topological, structural, and aesthetic constraints. In this context, Ruas [6] proposed a 
constraint-based approach that gives to every object the capacity to choose the 
suitable transformation to carry out with respect to its current state. However, this 
approach lacked flexibility and cannot be adapted easily when the specifications of 
the map generation process change.  Furthermore, several authors [7,8] proposed rule-
based approaches to formalize the decisions of cartographers into a set of formalized 
rules. These approaches resulted in interesting solutions for automatic map generation 
process. However, up to now, it has been impossible to develop a large enough set of 
rules to model all the potential situations of this process, especially because rules are 
in competition and cannot be applied to any case. In addition, these rules are related to 
cartographers’ skills and do not take into account users’ needs and abilities to 
interpret maps.   

The existing knowledge-based and algorithmic approaches are limited and unable 
to fully automate the map generation process. In addition, they still lack autonomy 
and intelligence to decide by themselves what to do, when to do and how to do the 
relevant processing during map generation. This autonomy may be obtained using the 
multiagent paradigm [10].  

4 Use of multiagent systems for on-the-fly map generation         

The use of multiagent systems in the field of automatic map generation results in 
multiple advantages that further motivate investigations of their application to 
improve on-the-fly web and mobile map generation. As mentioned in previous works 
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[11,12,13] these advantages are: their flexibility in solving complex problems [12]; 
their dynamic adaptation to environment changes [13], and their ability to 
successfully model the entire process of automatic map generation, during which 
objects are added, merged, symbolized, or eliminated [11]. Furthermore, in contrast to 
expert systems, a multiagent-based approach supports the holistic nature of on-the-fly 
map generation process.  

The use of multiagent systems in the field of automatic map generation is not new. 
Baeijs [14] used agents to solve spatial conflicts during the map generation process. 
Duchêne [15] used agents in order to generate automatically new data using 
predefined sequences of spatial transformations. Other authors proposed a web-based 
map information retrieval technique to search for geographical information using 
agents [16]. However, the main research work that investigated the automatic map 
generation process using multiagent systems was the AGENT3 project. The general 
approach used in this project [6,11] consisted in transforming the geographic objects 
contained in the database into agents. The goals of these agents are to satisfy their 
cartographic constraints as much as possible. They choose and apply transformations 
which are adapted to the current configuration of space. They assess and control the 
evolution of their states with respect to performed actions.  

Previous research works based upon multiagent systems were used to support the 
automatic generation of maps without addressing constraints related to on-the-fly map 
generation. In addition, they did not take into account users’ needs. Nevertheless, we 
are convinced that multiagent systems are suitable to improve real-time web and 
mobile map generation thanks to their multiple advantages. In order to prove this, we 
addressed several questions, such as which geographic entities should be modeled as 
agents? Which kinds of interactions should exist between agents? And how can 
agents improve the personalization, generation, and transfer of maps?  

5 Agents’ interactions         

A map expresses a geographic reality, according to a specific scale and purpose. 
This reality cannot be accurately represented when the scale of the map is reduced 
(Fig. 2). Indeed, scale reduction often diminishes the map’s legibility which then 
requires some modifications in order to be improved. Due to a limited display space, 
spatial objects and symbols may be regarded as competing for the occupation of this 
space. In order to carry out this competition, we propose to assign an agent to every 
spatial object. Since the importance of a given object depends on the user’s query and 
the map’s context of use, we assign a priority to every agent that follows from the 
importance of the object it is assigned to. Using these priorities, we propose to 
categorize, on-the-fly, the initial data into several datasets according to the importance 
of data to the user. We call these datasets layers of interest. Each layer of interest 
contains all the objects that have the same degree of importance for the user. 
Consequently, the automatic map generation process is driven by cartographic rules 
as well as by users’ expectations.  
 

                                                           
3 AGENT stands for Automated Generalisation New Technology 

 5



 
 
 
 
 
 
 
 
 

Fig. 2. Decrease of map legibility as a result of a zoom out operation 
 

Our agents compete in order to generate the required maps autonomously. The use 
of classical multiagent systems’ techniques (coalition formation, negotiation, etc.) 
during competition is interesting, but not realistic in the context of real-time map 
generation, especially because these techniques require the exchange of too many 
messages between agents, which would result in an extra time that slows down the 
system. In addition, attempts to form coalitions or to negotiate do not always mean 
that an agreement will be reached. Therefore, a user might wait indefinitely the map 
that may not be generated if the agents are not able to find solutions to solve their 
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 paper, we limit the 
agent interactions to negotiation and cooperation. During these interactions, objects 
may be displaced, scaled-down, exaggerated, merged, or eliminated. At every map 
generation step, every agent checks the changes of its environment. If one or more 
spatial conflicts are detected, the agent verifies the results that it may obtain by the 
different actions it is able to carry out. Then, it chooses the best action to perform.  

In order to facilitate the understanding of the map and adapt its content to users’ 
expectations, we propose to emphasize the objects which are important to the user by 
using multiple representations: graphic, semantic, and geometric representations (Fig. 
3). Thus, the goal of every agent is to guarantee legible representations of the object it 
is assigned to. When attempting to reach this goal, conflicts may appear due to the 
lack of space. In order to shorten the negotiation time necessary to solve these 
conflicts, we propose the following conflict resolution pattern (Fig. 4): when a spatial 
conflict occurs between two agents, the agent having the lower priority does the first 
attempt to solve the conflict. This attempt does not necessarily result in the 
application of a specific action. If the conflict remains, the agent with the higher 
priority tries to solve the conflict. If no solution can be found by this latter agent, the 
agent with the lower priority becomes responsible for the resolution of the conflict 
until its end. In some cases, this end may be reached by the elimination of the object 
handled by this agent.  

  
 
 
 
 

Fig. 3. Use of multiple representations: geometric (left), geometric-graphic (middle), and 
geometric-graphic-semantic (right).  
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Fig. 4. Agents’ negotiation pattern  
 
This negotiation pattern enables us to process data according to its importance. As 

soon as a layer of interest is generated, it is transferred and superimposed on layers of 
interest already transmitted to the user’s terminal. Meanwhile, the processing of the 
remaining data goes on. Our simultaneous generation and transfer of maps is an 
innovative approach. Indeed, existing approaches either focus on the generation of 
maps or on their transmission. In fact, they deal with each process separately. Our 
approach improves the automatic web and mobile map generation. Indeed, since the 
user can stop the map generation process whenever he finds the requested information 
from the data sets already transmitted, his waiting time is reduced. In addition, in a 
mobility context, his costs are reduced since data is reused on the client side.   

6 Architecture of our multiagent system  

In order to generate, on-the-fly, the required web and mobile maps, we propose a 
multiagent system that consists of two main modules: a control module and a spatial 
data processing module (Fig. 5). The control module contains a coordinator agent 
which is responsible for the communications with client applications. This agent 
analyzes the user’s query and extracts relevant datasets from the users database 
(which stores information to authenticate users and parameters which are used to 
personalize maps’ contents) and the spatial database (which stores spatial data in 
GML4 files). It categorizes these datasets into several layers of interest and sends 
them to the spatial processing module. As soon as the coordinator agent receives the 
final GML file of a given layer of interest from the spatial processing module, it 
carries out a final adaptation of this layer in order to improve its personalization, and 
transfers it to the user’s terminal in order to be displayed. This adaptation consists in 
transforming the GML data file into a new format which can be displayed by the user 
terminal such as SVG5, SVG Tiny, or SVG Basic respectively if the user uses a 
desktop, a PDA or a SmartPhone. The transformation of GML files into SVG files is 
done using XSL (eXtensible Stylesheet Language) transformations.  
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Fig. 5. Multi-layer architecture of our Multiagent system 

    
The spatial processing module is composed of three layers. The first layer is the 

federation layer which contains several Type agents. Each Type agent is assigned to a 
specific layer of interest issued form data categorization. It creates and assigns an 
agent (called instance agent) to each spatial object of its type. The second layer of the 
spatial processing module is called the spatial processing layer. It contains all the 
instance agents created by the different Type agents. The instance agents are 
responsible for the generation of the required maps and the adaptation of their 
contents according to users’ needs and the characteristics of their display terminals. 
They compete for space occupation as described in Section 5. The third layer of the 
spatial processing module is the control layer. It is composed of container agents. A 
container agent is 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. 
The importance of container agents lies in the acceleration they give to the map 
production process. Indeed, when instance agents are not able to solve their spatial 
conflicts due to lack of space, the container agents intervene in order to impose an 
arbitration solution and solve bottlenecks.   

7 Application: the SIGERT system       

The SIGERT system [17] was designed in order to provide maps for web and 
mobile users on the basis of cartographic generalization and multiple representations 
of geographic objects. It aims at creating software tools which can provide on-the-fly 
personalized maps to users according to their preferences and to the visualization 
characteristics of their terminals (desktop, PDA, mobile phone, etc.). The SIGERT 
system is based on a Client/Server architecture (Fig. 6). The Client side enables users 
to log in the system and specify their queries. It provides an orientation map that helps 

 8



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 our multiagent system which was developed using Java and the Jade 
platform [18].  

 
 
 
 
 

 
 
 
 
 
 

Fig. 6. SIGERT’s Architecture 
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In order to get a map, a web user or a mobile user first logs in the SIGERT 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, 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. As soon as a given layer 
of interest is generated, the multiagent system sends it to the user’s terminal where it 
will be superposed on the data which was already transferred.     

The current application of the SIGERT system addresses the tourist domain. It uses 
a dataset of a part of Quebec City at the scale 1:1000. This dataset was enriched by 
multiple representations of spatial objects. According to its importance to users, 
spatial data is categorized, on-the-fly, into explicitly required objects (ERO), 
landmark objects (LMO), road network (RN) and ordinary objects (OO). Currently, 
two user interfaces have been developed, one for desktops and one for PDAs using 
ASP.NET and ASP.NET Mobile respectively. Figure 7 and 8 are examples of a web 
and a mobile mapping service provided by the SIGERT prototype. When a web user 
moves the mouse over an important object, the SIGERT prototype displays its textual 
description. The user can get the address of this object by clicking on it (Fig. 7, right). 
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-down list on the top of 
the user interface (Fig. 8f). An example of results given to mobile users by the 
progressive transmission of layers of interest is illustrated in Figure 8: First, the user 
selects the area that interests him (Fig. 8a), then he specifies the features he is looking 
for (Fig. 8b). The SIGERT’s server gets the user’s query, generates, and transfers the 
required map layer by layer. In our prototype, the user’s terminal gets first the RN 
layer (Fig. 8c). Next, it gets and superimposes the ERO layer (Fig. 8d). Then, it gets 
and superposes the LMO layer (Fig. 8e). Finally, it gets and superposes the OO layer 
(Fig. 8f).    
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Fig. 7. (left) Selection of the zone and features to be displayed, (right) Web map provided by 
the SIGERT prototype     (a) (b) (c) 

(d) (e) (f) 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. (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 
 
Furthermore, in order to make a comparison between our maps and those generated 

by existing web mapping application, we present in Figure 9 the maps respectively 
provided by Google Earth, MapQuest and SIGERT in response to a query looking for 
the address “1084, rue Saint-Jean, Québec Canada”. The Google Earth map is a 
satellite image on which the road network is superimposed. The MapQuest map 
shows the road network as well as the requested location. However, in addition to the 
requested location, our map emphasizes important objects to the users. 
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Fig. 9. Maps respectively generated by Google Earth, MapQuest and SIGERT 

Conclusion  

In this paper we presented a multiagent-based approach to improve the on-the-fly 
web and mobile map generation process in terms of personalization, generation and 
transfer. In terms of personalization, our approach emphasizes objects which are 
importance to the user. Indeed, in addition to their geometric representations, these 
objects may be represented using graphic and semantic representations. In terms of 
map generation and transfer, our approach is based on an innovative approach that 
generates and transfers the required map to the user simultaneously. To this end, the 
initial data is categorized by layers of interest, on-the-fly, according to its importance 
to the user and map’s context of use. As soon as a layer of interest is generated, it is 
transferred to the user and superimposed on the other layers which are already 
transmitted. This approach is interesting since the user may find the requested 
information from the data sets already transmitted. In this case, he is not obliged to 
wait until the entire map is downloaded. Our approach is particularly interesting in a 
mobile context since it reuses the already transferred data. Indeed, it reduces the costs 
of a mobile user who pays the amount of data transferred to its device. 

Our approach was tested in a tourist domain but can be extended and used in other 
domains in order to generate maps for other needs such as military applications and 
emergency management. However, our prototype is still slow with respect to 
acceptable delays of real-time map generation. For example, our prototype generates 
and transmits a map whose size is 930ko in nearly 46 and 48 seconds to web and 
mobile users respectively. This is due to several factors: the slowness of the Java 
language and of Jade platform; the time required to parse GML files and the fact that 
we can optimize our code further. Moreover, our prototype is slow compared to other 
existing commercial web and mobile mapping system since we carry out a real-time 
map generalization process which is not supported by any other existing system. Our 
future works will focus on the improvement of the performance of our system in 
terms of processing time and data visualization. In addition, we can expect that the 
performance of our system will benefit from the technological advances of platform 
hardware and processing speed, as well as from the improvement of the performance 
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of wireless communication that will occur in the coming years. In addition, our future 
works will focus on the enhancement of map personalization. To this end, we are 
planning to conduct a survey in order to determine users’ needs and preferences.    
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