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Abstract：

The development of internet technologies has led to a growing internet population and dramatically changed patterns of map use. Recently web map as a burgeoning communication tool has developed rapidly for the advantages of operating simply and immediately information distributing and sharing. But on the other hand, web map has to be faced with some problems such as transmitting speed, spatial data sharing, spatial information expressing and etc. W3C put forward the standard for web vector graphics---SVG(Scalable Vector Graphics). As a new technology based on XML, SVG had several key functions particularly suitable for cartographic solutions such as coordinate system, layer management, high level parameter on graphics elements, well designed interactive function and etc.

This paper concentrated on the methods of designing and implementing dynamic and interactive web map of the campus of Nanjing Normal University based on SVG. This paper expatiated the design methods of the interface, layers, symbols and annotation of the map. We used Coreldraw software to build a 2D map but with 3D feeling and transmit it to SVG. The paper also introduced the developing methods of web map browsing, layers control, attribute querying and etc. We also implemented some functions for user such as browsing the ambient environment based on SVG Xlink and Quicktime, dynamic interaction, dynamic animation of the campus bus, multimedia function. At last we discussed the methods of web map distribute.      
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1 Introduction

Recently with the fast development of web technology, web map as a burgeoning communication tool has developed rapidly for the advantages of operating simply and immediately information distributing and sharing. Nowadays, there are two solutions to publish web map, the first one is transforming vector map to raster map by map servers, another one is using some plugs such as ActiveX or Plug-in etc. to extend the function of browser which can support the user-customized vector map [1]. The first solution is just suitable for the static map transmission but it is not a good way for map interactive operating, information querying and analysing. And also it gives heavy burden to web network and servers. The second solution is not suitable for data sharing and spatial information expressing. Also the client must use plugs to realize data browsing. In a word, current web map is facing a series of problems such as transmitting slowly, the degree of spatial data sharing is poor and spatial information expressing is not ideal etc.  
The emergence of SVG make these problems to be solved. SVG(Scalable Vector Graphics) which was developed as the standard of web vector graphic by the World Wide Web Consortium (W3C)  is an open standard, text, vector graphic describing language. It has many advantages such as low storage, scalable, dynamic and interactive etc. to solve the above problems. Now SVG has been widely applied in the area of web map. Recently there are many experts and scholars have concentrated on applying SVG to web map. Alexander Berger（2002）implemented an interactive campus-map of TU-Dresden based on SVG[4]. Juliana Williams(2005) designed an interactive hiking map of Yosemite National Park[4]. SUN Shaohong et al.(2002) analyzed the function of SVG for map displaying[5]. GAO Feng et al.(2004) implemented interactive operation of web map using JavaScript and SVG[6]. And also there are some scholars implemented the functions such as distribution, query, symbol based on SVG. The research above mostly concentrated on display and interaction of web map and payed less attention to dynamic functions. In this paper we took Xianlin Campus of NanJing Normal University as test area, designed the interface, layers, symbols and annotation and implemented the functions of interaction, dynamic animation and etc. of the campus web map.
2. Design of campus web map based on SVG

Designing web map is a challenging task. It should follow the conventional design solutions and also has to consider the own characteristics of web map. The basic rule of web map design is the scientific material, intuitionistic interface, aesthetic of map and convenience of usage.
2.1  Design of the web map interface 

If a user feels difficult to control the map, he will lose interest with the map. It is very important for web map to have a friendly and esthetic interface. The layout of the interface of web map should be operated conveniently, visual balance and aesthetics. The interface of web map normally includes map displaying area, toolbar, miniature map, layers control and result of query. Map displaying area is the main body of the interface and it occupies a majority area of the interface. Toolbar normally includes zooming in , zooming out, panning, full-screen, help and etc., it is the main way of interaction between user and map and it must be located in a well-marked place. The miniature map is used to make the user roughly locate the current displaying map in the scope of the total map. The layers control is used to control the display of the thematic layers. The result of query can be located flexibly and it include pictures and text. 
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Figure 1 The illustration of the web map interface 

2.2  Design of the layers control 

Normally there are two methods to control the layers displaying, one is the content selection of layers and the other one is control of the map displaying. The content selection may set up the check boxes of the thematic map layers and the user can decide which will be displayed or not. The control of the map displaying mainly deal with adapting the levels of detail of the map according to the zooming extent of the user.
This paper divided the layers into background layers and foreground layers. The background layers are regarded as referenced information, including roads, buildings in the campus, water system, vegetation, annotation, and etc. Foreground layers which are the users interested in include hospital, ATM, supermarket, bookstore, restaurant, postbox, fruit shop, mobile business hall and etc. 
2.3 Thematic point symbols design
Map symbol is the important form to depict the geographic features intuitionally and visually. It determines if the map can be understood and the degree of understanding by the user. This paper mainly discusses the point symbol design based on SVG. Based on the analysis of the characteristic of the point symbol, it is made up of several different geometric cells include circle, rectangle, polyline and etc. SVG has some predefined shape elements that can be used and manipulated by developers, such as Rectangle <rect>, Circle <circle>, Ellipse <ellipse>, Line <line>, Polyline <polyline>, Polygon <polygon>, Path <path>  and etc. All the above can realize the description of the point symbol.
Also SVG predefined some style elements such as stroke-width, stroke, fill and etc to describe the color or width of the line, size and color of the symbol. SVG provides the predefinition of the symbol, you can put the definition of symbol between tags <defs> and </defs>, and put the description of different symbols between tags <symbol> and </symbol>. Each predefined symbol has its own unique ID, one just use tag <use> to cite its ID when he wants to display the symbol. The codes are showed as follows: 

<defs>
<symbol id="hospital" overflow="visible" >

  <circle cx="0" cy="0" r="3000" style="fill: white; stroke: red; stroke-width:30"/>

<rect x="-2500" y="-750" width="5000" height="1500" style="fill: red; stroke-width:0"/>
<rect x="-750" y="-2500" width="1500" height="5000" style="fill: red; stroke-width:0"/>
</symbol>
<symbol id="ATM" >

……

</symbol>
……

</defs>

<g id="校医院">
<use id="西区校医院" x="" y="" xlink:href="# hospital "/>
</g>
<g id="ATM ">
<use id="西区ATM" x="" y="" xlink:href="# ATM "/>
<use id="东区ATM" x="" y="" xlink:href="# ATM "/>
……

</g>
It will not increase the data when it is rendering. If you want to modify any symbol, you can just modify the predefinition of the symbol. All the above is convenient to manage the symbols. The point symbols designed in the paper based on SVG is listed in the figure 2. 
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Figure 2 Point symbols designed in the web map based on SVG
3  Implementation of Campus Web Map Based on SVG
3.1 Preparation for Data
Mainly there are two ways to obtain map data of SVG format. One is to convert the existing GIS data into SVG format, such as SVGMapper, a third party plug-in of Arcview, can convert Shapefile file into SVG format. For the data of other commercial software such as DXF, DWG, CDR, AI, SWF, GIF and etc., they can be transformed by the software which supports the SVG format, such as CorelDRAW, Adobe Illustrator and etc. CorelDRAW has rich effects for mapping such as encapsulation, stereoscopy, and transparent, it can conveniently make excellent map and  well support the vector graphic of SVG, images and text. Therefore we use CorelDRAW to collect map data layer by layer and then export them to SVG format.(see figure2)
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3.2 Implementation of Functions
3.2.1 Zooming and Panning of Map
Zooming and panning are basic functions of web maps. Although the SVG browser has these functions such as using the key of Ctrl and left key of mouse to zoom in the map, it is not convenient to control the map through the keyboard and mouse. We realize these functions in the tool bar. The operation takes the whole map as an object, which can be realized with transform attribute. This attribute includes six parameters, scale is used to set up the zoom proportion, translate is used to set up the translation parameter.

3.2.2 Layers Control

In the campus, people pay more attention to thematic layers, such as supermarket, dining room, ATM, bookstore and etc. User can clearly know the distribution of the campus services through the control of these layers. However SVG doesn’t have the concept of layer, but it has the concept of “group”, which is expressed by “<g>” and “</g>”. The two concepts of “group” in SVG and “layer” in map are consistent. So we can use the two tags above to manage the data in the same layer. In SVG maps, we can decide whether the layer shows by giving the visibility attribute “hidden” or “visible”. 

3.2.3 Attribute Query
Attribute query is a basic function in web map. There are two ways to store attribute data, one is  embedded way and the other one is outside connected way. When the quantity of attribute data is very large, the second method is adopted which the attribute data is stored in the database in the server. While the quantity is not very large, we can embed attribute data into the SVG file. Here we adopt the latter way. In addition to text attribute, we also store relevant pictures and sounds attributes. Therefore, when users query, multimedia information can be used to enrich the expression of map. The attributes of the object stores as follows:
<rect id=”敬文图书馆” x="50" y="50" width="100" height="100" tel=85891000 imgnum=3 img="图书馆.JPG" av="图书馆.MID" onclick=”ShowDetails()”>

SVG supports a variety of events of keyboard and mouse and realize the reaction of various events by correspond functions. Here, if you click the library on the map, the onclick event will call the function of ShowDetails() to realize the query of attributes. The pseudocode of ShowDetails() is as follows:

function ShowDetails(id)

   {
    Var text; //text attribute

    Var imgnum; //numbers of picture

    Var imgname; // name of picture

    Var SvgMainMapDoc= document.embeds['svgFile1'].getSVGDocument();
    Var SvgObj=SvgMainMapDoc.getElementById(‘id’);
       ……//obtain each attribute value

        // put text attribute into the corresponding text box 
     Var textareaObj=SvgMainMapDoc.getElementById(‘textarea1’);
     textareaObj.setAttributeNS(null, "text", "文本信息");
    // put the address of picture into the area of picture

   
…… 

    }
The recurrence show of many pictures can be realized through the onclick event. We can use the onmouseover and onmouseout events to control sound file to be on/off .

3.2.4 360o Panoramic Image 

SVG uses Xlink for all link definitions. Such element provided the convenience for links between files. For the sake of get the feeling of virtual reality, a link is assigned to 360o panoramic image which can make an omnidirectional show of the surroundings of the user.

  <g id="西草坪全景观察点">

   <a xlink:href=" 360o全景图.html">

    <ellipse class="fil9 str0" cx="741.583" cy="1350.2" rx="2.1747" ry="0.7249"/>

    <ellipse class="fil26 str0" cx="741.649" cy="1350.13" rx="0.5272" ry="0.659"/>

   </a>

   </g>
3.2.5 Dynamic Animation of Campus Bus Moving
SVG offers five elements such as animate, animateMotion, animateColor, animateTransform, set for animation. By these elements, we can realize dynamic expressing. Here we use the element <animateMotion /> to simulate the movement of the campus bus. During the whole course, scenery pictures of each bus station will be show. The mouse click on the icon of the toolbar will trigger this function.
function addMotion()

 {

//define moving object

Var newobj= ……

//define the attributes of moving object

newMotion = svgdoc.createElementNS(svgns,"animateMotion");

newMotion.setAttribute("path"," M1044.26 391.432c0,0 -0.3921,13.2958……");//moving route

newMotion.setAttribute("dur","5s");//time of animation

newMotion.setAttribute("repeatCount","1");//frequency of animation

newobj.appendChild(newMotion);

……

}

3.3 Distribution of Campus Web Map Based on SVG
In the paper, we utilizes the IIS（Internet Infomation Server）technique of Microsoft company to distribute the map. User sends a request to the server through Internet and the server sends data which is obtained from the database by IIS technique to user. The map sent by server is displayed by WEB browser and SVG viewer. When user operate the map interactively, the interactive script will be explained and implemented by the browser. The Architecture is shown in figure 3, and the web map of our campus is as shown in figure 4. 
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4 Conclusions and Outlook 

Based on the relevant technique of SVG and the theory of web map, we designed and implemented the web map of Nanjing Normal University. The main characteristics of this campus map can be concluded as follows:
1. We used CorelDRAW12 to collect map data which supports SVG exporting. CorelDRAW can make rich cartographic effects, so we can make out the exquisite map.

2. By using JavaScript, users can control the visibility of layers, query the attributes of campus buildings, and so on. Through the mouse or keyboard events trigger script functions, users can query the campus information and achieve the interactive operations to the campus map. And multimedia attribute information makes the expression vividly.
3. This map has realized dynamic expression of the campus information with the form of panoramic images and animations. 
At present, SVG technical standard has been accepted by GIS professional software vendors such as MapInfo, ARCGIS and Intergraph etc.and supported by other professional software providers such as Microsoft and Adobe. They have developed SVG map tools like SimpleSVG and plug-in of web browser like SVG Viewer. Users will be able to easily access the data source of SVG format and browse it without any plug-in. This will promote SVG application in the web map greatly. 
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Figure2 Using CorelDRAW to obtain data of SVG format
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Figure3 the Architecture of Campus Web Map Based on SVG
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Figure4 Campus Web Map Based on SVG
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