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Abstract：In digitalization from map to geographic information (spatial data), it will produce a lot of information differences between them, this paper disclose It’s reason. As the result of digitalization ,geographic information is a very important data source. It is necessary to visualize geographic information in GIS application. In order to get excellent map vision effect, the lost map information in digitalization should be restored in the process of visualization. And then the dissertation illustrate how to control the visualization by cartography expert’s knowledge formalized but expressed with uncertain human’s language.
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1 Preface
In practice, when people build basic geographic information database of different scales, they get a majority of data by digitalization of paper map. But Classification and codes for the Features of base geographic information is different from criterion of map symbolization, this distinction makes the difference between discrete digital geographic information and visual analogue map. The following pictures make it clearer. For example, picture 1 tell us that it keeps excellent hierarchy in point, line and polygon symbols in paper map, but these advantages don’t exist any more after digitalization. Picture 2 illustrates that in paper map mainstream and branch are filled with same color to express their valley is connective, but in digital map they are two different entities. Also in picture 3, in visual map, where road cross river it connect them by a bridge, but in digital map the road under the bridge must be continuous. For picture 4, it indicates that in the process of digitalization attributes such as width, depth and quality of bottom of river is recorded, but their symbol form is lost.
[image: image7.png]A 67 A3 A 395

Fro FEY FI-T)




Picture1 hierarchy in map symbols     Picture2 mainstream and branch on map and data
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Picture3 road cross river             Picture4 Attributes value on paper map and data
But, out of question, we can make conversion between geographic information and analogue map. Digitalization convert analogue map to geographic information, at the same time symbolization will visualize geographic information into analogue map. We get geographic information by digitalization, and the geographic information is an important data source of GIS, when be provided to GIS, it should be visualized into analogue map on computer screens, in order to get excellent and traditional map visualization effect, we should try our best to offset the information distinction between digital map (geographic information) and analogue map to retrieve analogue map’s primary appearance. 
So we should discuss the requirement of map symbolization firstly, this is the theoretic base for the symbolization of geographic information.
2 requirement of map symbolization
Map symbolization is very important in research on geographic information visualization. In picture 5,Taylor in Canada regarded that visualization is core of modern cartography. In the triangle for map visualization cartography theory principles and computer technology is its base border，and the former is foundation of visualization, the latter is support. Cartography basic theory is always the base of its practice, regardless of development of visualization. And then new computer technologies such as computer graphics and image, virtual reality, multimedia, network provide rich supports to map visualization, it makes map visualization to develop from 2 dimension to 3 dimension, from static to dynamic, from traditional carrier to screen.
The motivation of map visualization is to satisfy the requirement of map visual communication, especially for the public users, it mainly use to express the known phenomena by a little or no interactions, but for professional application users such as scientist, engineer, they generally require map visualization system which is interactive flexibly. Because field experts will cognize and analyze new spatial rules by assist of interactive map visualization, this process is more significant than visual communication.
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It is obvious that Taylor’s visualization theory not only emphasizes that cartographic theory   is root but also thinks much of the drive action of new technology, his final target is dynamic and interactive visualization. So when Picture5: Taylor’s theory for map visualization      researching the symbolization of 
                                      geographic information we must pay attention to the following three aspects:

1) Basing on cartographic theory, inherit the advantages in traditional paper map symbol design.
2) Taking flexibilities of organizing data in computer into account, study earnestly the essence of the process of symbolization，and abstract commonness for software framework and interface design to give user utmost freedom to organize data by interaction outside to get desire visual effect. 
3) Enhance map expressive force with new technology, it will not be discuss in this paper.
I think that controlling the process of geographic information symbolization is in fact to control the map expert’s knowledge, because the process of map symbolization is instructed by expert’s experience and knowledge.
3 general method for expert’s knowledge managing
Expert’s knowledge stored in human’s brain can be express by language and text, But it is fuzzy and uncertain to computer, in order to make computer to deal such fuzzy experience, we must formalize expert’s knowledge, namely to build expert’s knowledge base. Picture 6 illustrates how to manage expert’s motivation.
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Picture6 flow chart of manage expert’s knowledge
We have mentioned in part 2 that utmost freedom should be provided to user in the process of symbolization of geographic information, namely flexible interfaces would be supplied but which exhibition form to be presented is controlled by user through interface. Obviously, by modifying the content of knowledge base in picture 6, map will be exhibited according to the desired form.
In fact, the design, building and modification of knowledge base is the result of many-sided compromise. So, a intact process of building a knowledge base can be illustrated by picture 7.
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Picture7 a intact process of building a knowledge base
According to picture 7, in the developing phase of map-making software user, cartographer and programmer get together to discuss the software requirement taking the characteristics of computer into account and then build the knowledge base. In the using phase of software user can modify contents in knowledge base obeying the corresponding restriction (user need to study), new contents will reflect user’s owner motivation (to avoid errors, modification is carried out by an interface).
We can part symbols on map into two kinds, one is graphic symbols for geographic features such as railway, road etc. another is text symbols for geographic features’ attributes such as place name, annotation use to explain bridge’s width, length and quality etc. In the following part 4, we will elaborate how to control symbolization of geographic features using cartographer’s knowledge. And in part 5, we will discuss how the expert’s knowledge to control the process of symbolization of geographic features’ attributes.
4 symbolization of geographic features
When visualizing spatial entity with map symbols, it is not like that we had thought that codes have an one to one relationship with symbols. As a matter of fact, codes have usually an one to multiplication relationship with symbols. For example, the code of national highway is 140305, so it is true that there is a symbol of national highway in the map symbol library, but if the attribute of a national highway ‘level’ is ‘high speed ’ , although its code is 140305, it will be draw with a symbol of freeway (because there is no code for freeway in Classification and codes for the Features of base geographic information). There are also a lot of other phenomena like this, here is unnecessary to give all details.
Just like the former example of national highway, all the narration is just the expert’s knowledge about how to select a symbol for highway from the map symbol library. We build a expert’s library is in fact drawing out useful information in such fuzzy and uncertain human’s language and text to formalize into a format which can be recognized by computer program.
So the formalized knowledge of symbolization of national highway being existed in expert’s knowledge library is like the following chart 1.
Chart1 formalized knowledge of symbolization of national highway
	Highway(freeway)
	140305
	LA
	[level]='high speed'
	140305A
	200
	0

	Highway
	140305
	LA
	0
	140305
	200
	0



Obviously, for a spatial entity whose code is 140305, we can select a symbol by explain the 4th field in chart1, When the value is a default 0, it matches record2 in chart1, it indicates that this highway is not a freeway, so it will be drawn with a symbol 140305, this symbol name is the content of the 5th field in chart1. If the value of the attribute ‘level’ of a highway is ‘high speed ’, it will matches record1 in chart1, it indicates that this highway is a freeway, so it will be drawn with symbol 140305A. In this case, the key is field4. Certainly, we also can modify contents of field4, but this modification is not at random, otherwise it will lead errors when execute by program. So we can finish such modification work through the following interface illustrated in picture8.

Picture8 modification interface               Picture9 modification interface
From the former example of symbolization of highway, we can conclude that using such method to control symbolization of spatial entity is general and open, it provides the utmost freedom to user. By this way, we can finish all other symbolization of entity which is similar to highway’s symbolization. The following chart2 illustrates that how to use formalized expert’s knowledge to control the symbolization of bridge. For all bridge, their codes are 140523, but to different use they vary in width, so they will be drawn with different symbol. For bridge, its attribute used to decide which symbol is selected is ‘type’.
chart2
	Bridge 
	140523
	PO 
	[type]="used by freeway"
	140523
	200
	0

	Bridge 
	140523
	PO 
	[type]="used by highway"
	140523A
	200
	1

	Bridge 
	140523
	PO 
	[type]="used by province way"
	140523B
	200
	0


5 symbolization of geographic features’ attributes
In topographic map, the annotations consist of two parts, one is place name and another is display of attributes of geographic feature. For base geographic information, there are special file to record the coordinate and attribute of place name, its symbolization is simple, so here is unnecessary to narrate any more. In this part, I would emphasize on the symbolization of geographic features’ attributes, such as the annotation for bridge and triangulation point etc. Please look at the following picture10 and picture 11.
chart3
	triangulation point
	110101
	PG 
	0
	110101
	100
	1

	triangulation point
	110101
	PG 
	[type]="highest in region"
	110101
	100
	1

	triangulation point
	110101
	PG 
	[type]="highest in map"
	110101
	100
	1



Just like chart1 and chart2, we use chart3 to control symbolization of triangulation point. For triangulation point, its code has an one to one relationship with symbol, namely, any entity which has a code 110101 will be draw with the same symbol 110101. But in chart3 we appended a field base on chart1 or chart2, and the value of the last field in chart3 indicates that there is only one annotation for triangulation point, because the value is 1. In picture10 the annotation of triangulation point is the text on right of symbol, it display the height.

Picture10 annotation of triangulation point     Picture11 annotation of bridge
In this case, the problem is there are three different types of annotation format, how to select the correct one? Here, the expert’s knowledge is that if a triangulation point is common, its annotation of height will be displayed with black (left in picture10), if the triangulation point is the highest in a region its annotation will be purple and bigger in size (middle in picture10), if the triangulation point is the highest in a map its annotation is like right in picture10. After formalization such expert’s knowledge is formatted into chart4:
chart4 formalized knowledge of symbolization of annotation of triangulation point
	Triangul-ation point
	110101
	PG 
	0
	bold
	roman
	8
	Black (100)
	[height:1]
	0

	Triangul-ation point
	110101
	PG
	[type]="highest in region"
	bold
	roman
	13
	purple
	[height:1]
	0

	Triangul-ation point
	110101
	PG 
	[type]="highest in map"
	bold
	roman
	18
	purple
	[height:1]
	2


After understanding chart1,chart2 and chart3, it is simple to comprehend chart4 by the same way. Please pay attention, the difference between chart4 and the former three chart is the last two fields. The 2nd field counted down [height:1] expressed that the attribute of triangulation point should be displayed is ‘height’, and ‘:1’ indicates that to keep one figure after dot. And the meaning of the last field will be explained by the following chart5.
chart5

	0 common
	1 underline
	2 circum-rectangle
	3 half circum-rectangle
	4 circum-circle
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For symbolization of geographic features’ attributes, I give another example of bridge, its formalized expert’s knowledge is in the following chart6
chart6 formalized knowledge of symbolization of annotation of bridge
	Railway 
bridge
	140522
	PO 
	bold
	roman
	7
	Black

(100)
	{{[length]-[width]}/[load]}@[type]
	0


Chart6 is explained by the program, the annotation of bridge will be displayed like picture11.
Also the content ‘{{[length]-[width]}/[load]}@[type]’ or ‘[height:1]’can be modified through interface illustrated in picture9.
6 conclusion
With the development of the technology of map making and GIS, electronic map is increasingly applied in every walk of life. To series of topographic map, people can make a uniform standard for symbol and display. But the applied fields of geographic information and electronic map is so abroad, it is difficult to make detail standards for all instances, moreover some things are impossible to presuppose. So it is necessary to give the freedom to user, they can customize symbol and visualization standard suitable for their owner group or dept. In a word, the knowledge library can be an expert’s library, also a civilian knowledge library, but the most important is such a knowledge library must be open, after study, people can modify its content according to corresponding restriction, and this modification not by modifying the software program will lead change of map symbolization style.
Such a method is simple and applied, but it is also difficult to apply this method in other cases, such as placing height annotation of contour and serial number of highway etc.
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