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Electronic map may be stored in computer, spread by means of CR-ROM, networks etc, and offer users in the form of desktop computer, touch screen computer, or embedded device. Because the product of electronic map integrates visual function of digital cartography technology, searching data and analyzing function of GIS technology, information expressive means of multimedia technology and visual reality technology, and the role of spreading technology of modern electronic map, the appearance attracts immediately social wide interests, particularly governmental departments, section of enterprises management and the people. Hypermedia electronic map is based on electronic map, employs hypermedia technology to organize and manage complicated map objects and relationships between objects.

But until now, electronic map products are still affected or limited by traditional cartographic thinking. So the electronic map is not flexible and not adaptive to user interface design, map content design, dynamic data organization, dynamic representation, data search and analysis. The Self-adaptive visualization in electronic map specifies that it can actively adapt well to the variable situation like software and hardware, through dynamic changing user interface, map content, map representation style. 

This paper will discuss the self-adaptive visualization strategy in hypermedia electronic map, and focus on 4W and 2H questions. The 4W questions specify: Where need self-adaptation?  Why use self-adaptation? When is it self-adaptive?  and What is it self-adaptive to?. And the 2H questions specify How can it help? and How does the self-adaptive visualization strategy work? The paper will give some strategy to answer these questions. 
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1. Introduction and Motivation
In the paper [1], Professor Li Deren and Professor Li Qiquan indicated that the account of the geographic location and spatial information is up to 80 percent of all kinds of information. In digital environment, electronic map or digital map has been becoming a more important approach in representation geographic information and providing geographic information services. With increasing requirements for electronic map, it has been used into many fields in our life. And with the fast process of computer technologies, the electronic map has been fast development and changing at three aspects of  digital cartographic theory, producing technology and distributed way. The changing in the theory
specifies cartographic visualization, geographic information transmission, etc. Advanced map producing technology improves the efficiency map design and producing. While the technology of computer software, hardware and multimedia enhance the visualization ability of electronic map, as well as freedom of using it. And many kinds of the products of the electronic map, which spread by means of CR-ROM, networks etc, and offer users in the form of desktop computer, touch screen computer, or embedded device，occur in marketing.
The end users can interactively design their own map through the function which the electronic map software provided. It is different while the users get information in contents, goals, ways, etc. First, different users have distinct goals. Second, the same user may get different information at different times. Third, different user may have different priori experience and private background, so there are some distinct cognition existed. (See [2]) 
To solve this problem, the conception of Self-adaptive spatial information visualization comes into being (See [3]). Research works of self-adaptation originated from adaptive software system at end of 1980.Based on Bayesian Networks, Microsoft Research Institution have made some research works on statistics of quantitative computation and user behaviors, including reactive user interface, characteristic web services, artificial agent etc, and develop a user habited and behaviors sensitive software system. European Media Laboratory of University of London focuses on the user model design in spatial information fields. Benjamin Jung et al (2002) put forwarding a method of geographic information representation based on XML. Peter Brusilovsky researched and completely analyzed self-adaptive technologies and methods based on hypermedia. Adopting agent technology, Alexander Zipf developed an prototype system－MapAgent, which can customize the map’s display style and content that wanted. Wang et al indicated that adaptive geo-visualization has been marked as a research front, and clarified the major conceptions and technologies of geo-visualization. Also some bottlenecks existed were pointed out. At all, most of research works of self-adaptive geo-visualization focus on some research directions, such as user modeling, adaptive GUI design , dynamic structuring of databases , adaptive symbolization , and adaptive geo-visualization system design , etc. In other words, it includes two aspects: content and user interface.
But until now, electronic map products are still affected or limited by traditional cartographic thinking. So the electronic map is not flexible and not adaptive to user interface design, map content design, dynamic data organization, dynamic representation, data search and analysis. The Self-adaptive visualization in electronic map specifies that it can actively adapt well to the variable situation like software and hardware, through dynamic changing user interface, map content, map representation style.

So, this paper will discuss the self-adaptive visualization strategy in hypermedia electronic map, and focus on 4W and 2H questions.
2. Electronic Map Based Hypermedia Model
Hypermedia is a kind of technology that it can be used to organize the multimedia information, such as sound, text, image, etc. via a nonlinear way. The end user can address the information she or he wanted using different the path. In hypermedia model, the node and link are two important roles, which the node is used to store the information as a unit and the link can be used to build the relationship among the nodes. Electronic Map Based Hypermedia Model (EMBHM) is a complex information network composed of the interrelations of the information nodes, the geographic entities linked to multimedia information including maps, and links, the relations among geographic entities, which created with hypermedia technology on the basis of electronic map. The nodes defined in EMBHM, include not only those adopted in common hypermedia system but also several other types that can be used to represent the geographic information such as catalog node, map group node, main map node, map node and table note. There are four basic links: link between contents and atlas, link between main maps and sub-maps, link between sub-maps and sub-maps, link between main maps or sub-map and media. Designing three-level structure of EMBHM and making a structural analysis of EMBHM with the graph theory are to find out a more reasonable data organization method and simplify the network structure so as to improve navigation capability of electric map hypermedia to the most extent as well as remain its high freedom.
3. Self-adaptive Visualization Strategy
Based on the structure of graph theory, hypermedia technology has provided some freedom that can meet variable requirements from user. But freedom also can lead to reduce the navigation ability in hypermedia, and the visitor is easy to get lost. So the hypermedia electronic map may have the problem. How to improve the ability of visualization and navigation is an important issue that must be taken into account when we design the electronic map products. 
3.1 Hypermedia mechanism

EMBHM mentioned above is a new kind of complex spatial information representation. It fully utilizes structure characters of hypermedia or hypertext, so that it can provide the freedom for using it. Because the method of representing geographic information can provide an associate connection schema from one geographic node to another via hypermedia, the user can visit the information they wanted by their own approach and ‘path’ (the route of getting information). Based on hypermedia mechanism, many links such as map to map, map to feature, feature to feature, feature to map etc. could organize all kinds of the geographic information to integration. This nonlinear method can realize the ‘skip’ from one node to another, whereas it also brings some shortcomings, for example, getting lost in information networks. To avoid this, we can convert a graph structure to a tree structure when we design the hypermedia electronic map. The tree structure is more legible and easy-to-use than network structure. The tracer and navigator can help user to get their goal and tell them how to arrive the target in shortest path without worrying about getting lost.
3.2 Self-adaptive visualization of Multi-scale Spatial data

There are many kinds of data sources existed in hypermedia electronic map. In the same place, multi-scale spatial data can represent the different detail of content at different level. This is limited to the end users’ selection of map content and map presentation style. When the research region is very large, many maps will be involved into it. We put forward an organization method of the seamless spatial data based on hierarchical extended R-Tree and hierarchical Quad-Tree, The organization of the seamless spatial data manifests in two levels: lengthways seamless and transverse seamless: the former refers to multi-scale spatial data organization, and latter the organization of the adjacent maps in the same scale. Hierarchical extended R-Tree is applied to the multi-scale map data, and hierarchical Quad-Tree the spatial objects in the same scale.
3.3 Dynamic representation of map content

To meet the users’ different requirements, especially in representation style of features, the map content needs to change the display style. Dynamic representation of map content includes dynamic automatic label for annotation features (e.g. the label of a street), dynamic displaying and hiding (also display at some scale range, such as from 1:1,000 to 1: 10,000), dynamic symbolize, and dynamically and adaptively variety display mode under different outer situations (For example, the map display mode can change when the light and shade changes), etc. 
3.4 User Model and Visualization rule

The strategy specifies that user model is constructed in system, which is used to model the user information, such as professional background, habits, cognition level, etc. Visualization rule specifies display rules of the spatial data of electronic map, including map content, representation style (such as 2D, 3D or dynamic style). Based on the user information from user information database, the electronic map can automatic select one or more best display mode from the visualization rules to adaptive represent it. In other words, the electronic is user’s behaviors schema and context sensitive. So the different can get the information and representation style they wanted.
3.5 User Interface Supported by Customizing
User interface is a window that the user can interact with the geographic information, for example, the user can query information of a street name by clicking the object on the map or push one button on a toolbar. The roles played by electronic map are a container of spatial information, and a special interface of interaction. So we put forward principles, contents and classification strategies of designing map-centered man-machine interface of hypermedia electronic map on the basis of research of GIS human-machine interface design, factors affecting interface design, interface design recognition, quality control and evaluation of interface design. Customizing of Graphic User Interface (GUI) supported by the hypermedia electronic map, can help the users to make their own interface. This is another aspect that shows the self-adaptation of electronic map.
Now we can answer the 4W and 2H questions. Why use self-adaptation? The answer is that Self-adaptation can improve the efficiency of using and meet all kinds of demands to electronic map via adapting variable outer situations, including the environment of computer software and hardware, user’s characters, professional background, habits, experienced knowledge etc. Where need self-adaptation? In hypermedia electronic map, self-adaptation can be used in two aspects: map content and user interface. Electronic map can be considered as a container that the geographic feature can stored in it, also it is a human-machine interface through it the user can interact with the geographic data in database. How to represent the map content, and what kinds of the user interface is provided to user to get geographic information of the entities, are the key questions to enhance the flexibility and adaptation of electronic map. When is it self-adaptive? When the electronic map system gets the user’s information and his or her demand, the self-adaptive can be available. What is it self-adaptive to? The electronic is self-adaptive to map content and interface. How can it help? It can help the users to quickly get the information they wanted in the way they desired. How does the self-adaptive visualization strategy work? You can find the answer from the content of the strategies mentioned above.
4. Conclusion 
This paper researches on the background of self-adaptive technologies in many kinds, as well as in geo-visualization field. Based on EMNHM, there are many self-adaptive visualization strategies are provided to improve flexibility and adaptation of the hypermedia electronic map for different user under different environments. The idea of this strategies mentioned above, have been applied into hypermedia electronic map author tool software -Atlas2007 that can be used to design all kinds of characteristic electronic map products, such as CD-ROM Map, Touch Screen Map, Embedded Map and Internet Map.
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