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Abstract: In the current map research, based on national fundamental geographic information to map automatically is one of the most pivotal questions. According to the representative specifications of map schemas, this article establishes corresponding symbol databases. It not only realizes the symbolization of maps, but also processes successfully the various relationships among features during the symbol deployment by the method of automatization or semi-automatization. Moreover, automatic deployment and locomotive process of point, line and area annotations are also accomplished. As a result, we can easily deploy and display a map, and then rudimentarily realizes the automatic mapping of a common map turning to computer.
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1. Introduction

Digital cartography is the product that computers and automatic technology permeated into the field of cartography. The main task of cartography is map-making using digital technology (Wang Jiayao, 2006). As a result, it can provide fundamental geographical information for Geographic Information Systems (GIS). Based upon geographic databases, GIS completely reflects the integration of the transportation and feedback of information, including the quick acquirement, storage, transformation, analysis and usage of the information about geographic environment. That is the most effective way for people’s spatial cognition. There is no doubt that GIS, as the development of cartography in the new era, is an important part of cartography. However, with the extensive application in various fields, GIS tends to focus more on the functions of spatial query and analysis about data, which weaken the initial mapping functions. General cartographic software(such as CorelDraw, Freehand, Photoshop etc) could only handle some graph or image data, not geographic information data; though exclusive cartographic software(such as MapGIS, AutoCAD, MicroStation etc)could be used for mapping, mapping process is relatively complicated because they are not designed for certain basic geographic information, and massive manual preprocesses are needed. Through the study on the automation of cartography and the design of professional digital cartographic software, not only the automatic transformation from spatial data to cartographic database of national fundamental geographic information is possible, but also the mapping time for transformation from traditional cartographic rules to expert knowledge integrated into cartographic system could be shortened effectively, thus more delicate map products can be produced.
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2. Overall Design
The main purpose of digital cartography based on fundamental geographic information is to explore the knowledge process from all aspects, and solve various problems that exist in the mapping process. Therefore, it is required to build digital cartographic systems based on fundamental geographic information under the constraint of corresponding cartographic rules and national fundamental scaled topography; provide scientific basis and tools for the transformation from spatial data to cartographic data, realize the change from data to maps, and successfully solve a series problems that exist in the process of data-map transformation.

The backstage of this system, based itself on current national fundamental geographic information, integrating the characteristics and requirements of geographic data, and taking Vc++6.0 as its development platform, organizes and manages the information according to the massive database of Oracle. The database mainly includes geographic data, cartographic data, cartographic rules and cartographic-assisted information. Among them geographic data, including spatial data and attribute data, is mainly taken from national fundamental geographic information. Figure 1 shows the design structure of the overall system.

3. Main Modules and Functions
3.1. Symbolization of Maps
Due to the data mainly coming from current fundamental geographic information database, the system design should be consistent with the representative requirement of general maps. Therefore, besides the module of map symbolizations, this system must have a special module to process those particular features in general maps such as rivers, boundaries etc (including the gradual process of rivers, cubic intersections of road networks and leap mapping of boundaries etc). Thus, the symbolization mentioned here is not simply draw features following certain symbols, but to process complex relationships of various features, which mainly includes sequential display setting of layers and features, the process of gradual change of rivers, the process of leap mapping of boundaries etc. Because of the constraint of this passage’s space, this article exerts great efforts on the basic problems in the mapping of general maps, other questions are stated in related passages (Zhang Xiaotong,2006;Yu Haichong, 2006).

3.1.1. Process of symbolization

Referred to the shortcomings in the symbol designs of traditional cartographic systems, map symbol database design is more flexible and free by increasing changeable factors and parameters in the structure of map symbols according to current national fundamental scaled topographies. Thus the representation of non-structured symbols is attained. In the cartographic representation, the assignment method of non-structured symbols is added, so that the symbolized system could well solve the non-structured problem of map symbols. Users only need to provide certain parameters to meet the need of map representation in certain scales. The problems such as the intersection of real parts of the dot-lined roads, and the process of dot-lined roads and turning points, can be effectively solved.

Through the analysis on present data, corresponding rule tables about symbol deployment are established, which mainly includes serial numbers, symbol codes and national standard codes. The process of current symbol deployment in the system mainly is to divide present layers into several sub-layers according to national standard codes, figure out symbol codes that are in accordance with those national standard codes in terms of serial numbers in the rule tables of symbol deployment, extract corresponding symbols from symbol database and assign them to layers.

3.1.2. Setting of Displaying Sequence
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In spatial database, data is stored according to its features. However, data in the displaying process overlays in different sequence in order to render different sense of visual hierarchy. Therefore, when designing the system, cartographic expert knowledge is concluded. Combining the characteristics of digital cartography, knowledge database of layer displaying is made to control spatial displaying sequence of features in the layers (Wu Xiaofang, 2005; Huang Jing, 2005; as Figure 2-a, 2-b). The system automatically recognizes and adjusts the sequence of layers through matching the relationship between the name of layers and the types of features (as figure2-c shows).

The other overlay relationship is caused by symbolization. The feature of transportation network is the most typical example to show the symbolized representation of features by adjusting the displaying sequence within layers. 
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The difficulty in the automatic mapping of transportation network is the processing of feature relations in the road layer. The roads in the road layer have two types: the one is single line, and the other is double line which should be divided into two features when being symbolized. The double-layer road is made by the overlaying of features along the center locating lines with different parameters of types, colors, and width. When mapping features, point features are on the top layer, while line features are second to them (as figure 3-a). The mapping sequence of features according to their importance in road layers is like this, starting with the most significant ones: base layers with double-layered roads in low grade, base layers with double-layered roads in high grade, single-lined roads with low grade, single-lined roads with high grade, upper layers with double-layered roads in low degrade, and lastly upper layers with double-layered roads in high degrade. There is no overlay relationship among the accessories of roads that subordinated to line features. So the order can be set manually because their importance and degrade could not be distinguished; line features come before point features (figure 3-b). 

3.1.3. Process of rivers’ gradual change

Usually, the rivers’ size, form and the situation of water flow are required to be represented on the maps. When the river is wide or the scale is big, only the symbol of the water line can be correctly used to depict two water front of the river, which may generally meet this need. However, because of the constraint of the map scales, most rivers could only be represented by the gradual change of single lines. If using single lines to represent rivers, symbols are required to transit naturally from thin to thick in order to distinguish main and branch rivers and correctly reflect the length and form of rivers (Zhu Guorui, 1982). Manual mapping is the process of information in human brains, namely the thinking process in human brains. Computer cartography essentially is to substitute human brain to process data, namely simulate human’s thinking activities in the mapping process. Therefore, the system refers the intrinsic regulations of entities of rivers, extracts the knowledge and rules when mapping the rivers, establishes mathematical cartographic models of rivers, transforms to the forms that computers can manage and analyze, and comes to river structures. By using this structure, rivers’ automatic gradual change can be achieved automatically. Concrete method could be referred in the article of Zhang Yuanyu (2004, 2006). During processing, human-computer interactive method can be used to set the [image: image4.png]


beginning and ending width of a certain river system. The effect graphs before and after the gradual change process can be seen in figure 4.
3.2. Module of handle about features’ relation
In digital cartography, one important link is to handle the relations among features. In this system, relations of features are classified into two parts: attachment relationship and collision relationship. Attachment relationship is an interdependent relationship between some point features (such as railway stations) and line features surrounding these point features, which requires point symbols should parallel with or vertical to line features. We establish the correlative rules which help to form the cartographic knowledge about the process and description rules of feature relations in knowledge database. According to description rules in knowledge database, choosing attachment datasets and corresponding attachment layers helps to handling attachment relationship. 

[image: image5.png][

CIBOUNT _Line:
CIROALK Line:
JCIHYDNT _Line:
JBrese Povon

[CHYONT_Polyzon |




The collisions among features are various, mainly including the detection and handling of features in many situations such as point-point, point-line, point-area etc. The purpose of collision processing is to ensure validity of relationships among features on the maps. The procedure flow can be seen in figure 5, the main principle of which is to build up buffer in lights of the width of symbols when objects are symbolized. Judge whether the overlay exists among features, based on the buffer. If there is, list unique ID of the overlaying features. After the collision detection, all the collisions are listed, so that users could modify collisions manually, or solve this problem together by adopting the tools in the system. More manual interfere during the amending process is needed, and detection should be done repeatedly until all the collision problems are solved.
3.3. Automatic deployment of annotations
Annotation is a significant part of the map content. Maps without annotations can not be called maps. Thus, the automatic deployment of annotations is an important part in digital cartography. Automatic deployment of annotations mainly includes automatic assignment and displacement of point, line and area annotation features. Automatic deployment mainly means labeling annotations to layers in default mode, according to the font characters, font sizes, and font colors that are defined in the topography schema; Automatic displacement is to displace annotations that overlays with others, mainly including rasterizing processing, overlay detecting, displacement processing. The result of point annotations are taken as examples as shown in figure 6. The system will mark brightly those problematical annotations with red rectangles, and display these annotations in the collision detection (figure 6). Compared with point annotations, the deployment of line and area annotations is relatively complicated. When deploying line annotations, objects with the same names, the same fonts and connecting the beginning and ending are linked together; positions of each character in objects after connecting are calculated, while long segments might need to be labeled repeatedly. When deploying area annotations, convex method is used to determine the positions of annotations if several objects share the same names. [image: image6.jpg]


Procedures of collision detections about the deployed line and area annotations are almost the same with point annotations, which will not be expatiated here.
3.4. Decorations outside the map-outline

Features outside the map-outlines, in lights of their positions on the maps, mainly include features between the inner map-outline and outer map-outline, and features outside the outer map-outline. According to the map schema in each scale, the location of each decorative feature can be calculated in terms of TIC. When designing the system, the content of outer map-outline can be input by users or acquired from metadata files automatically. During the designing process, decorative content of small scales outside the map-outline mainly involves the integration of the contents and formal representation of fonts; while decorative content of large scales outside the map-outline involves the mapping of slope rules and lines of three-north direction [image: image7.png]K45C004004
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besides what the small scaled maps have, which requires present information in original maps or relative parameters input by users. Using decorative tools in the system help attain decorations outside the map-outlines more quickly.
Figure 7 shows the decorations outside the map-outlines by using this system.
3.5. Data output

The design of whole system mainly focuses on the functions of cartography. Therefore, data output currently depends on some graph processing software abroad, such as CorelDraw and Photoshop etc, which mainly output in EMF format. And those data can be imported to some graph processing software to be output. 

5. Conclusion

In order to test the stability and feasibility of the system, it has already been on trial in the production department. The result of experiments manifested that the mapping speed has been greatly accelerated and mapping time has been shortened after using our system. At the same time, as relationship processing among features has been sufficiently considered, editing process is allowed to be done by users automatically or manually. So that interactive relations among features can be ensured to meet the requirements of normal cartography.

The system realizes the mapping problems of river systems’ gradual change, automatically detects the collisions among features and between features and annotations, automatically deploys annotations, sets complete decorations outside the map-outlines, realizes digital cartography based on data-map convert models, and provides a new and feasible way for the development of cartography. Before the emergence of GIS, maps are not only spatial database, but also output products; they’re both calculable products and visual products. After GIS technique comes into being, all the calculations and spatial analysis can be conducted quickly and exactly in computers. Maps, as a visual product, should be distinguished from traditional maps in concepts. With the new technology, there still are many problems that involved in the automatic process of map production. It still needs to be studied on how to conclude original knowledge that cartographic experts hold, realize the self-adaptive representation of map features, and truly integrate both the acquirement and representation together according to different purposes.
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(b)Graph after gradual change process





Fig.4 Mapping of gradual change of a single river





(b)Mapping sequence of transportation network layer





(a)　Design mode for roads





Fig.3 Automatic mapping method of transportation network





Base layer





Single-lined roads





Line feature





Point feature





Roads for big cars





Upper layer





Upper layers of double-layered road with higher degrees





Upper layers of double-layered road with lower degrees





Base layer of double-layered road with higher degree





Base layer of double-layered road with lower degree





Base layer of national mainstream highway





Base layer of county road





Upper layers of county roads





Upper layers of national mainstream roads





Mapping-assistant information





Mapping rules


地图符号化





Geographic data











Preprocess of data





Symbolization of map





Output of data





Automatic deployment of annotations


注记自动配置





Decorations  outside map-outlines图外整饰





Process of feature relations





Digital cartographic database





Fig.1 Design structure of the overall system
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(a) Graph before gradual change process





Fig.5 Flow diagrams about feature relationship process
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Fig.7 Decorations outside the map-outline








(b) Disposed data


b 处理后效果图





(a) Origin Map


a 处理前效果图





Fig.6 Contrast graph before and after annotation process


图10　注记处理前后对照图
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